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REPORT OF THE CHIEF SIGNAL OFFICER.

SIGNAL OFRFICE, WAR DEPARTMENT,
~ WASHINGTON O17Y, October 10, 1891.
Honorabhle REpFIELD PROCTOR, ‘ :
« Secretary of War:
.STR: I have the honor to submit the annual report of the operations
of the Signal Corps for the fiscal year ending June 30, 1891,

REORGANIZATION, |

The Signal Corps has been completely reorganized during the past
Jear, the military branch having been placed on & fixed and permanent
iOOtmg, tending to greater efficiency, while the civic duties have been

ully, definitely, and finally transferred as the United States Weather
Slﬁiezyu to the Department of Agriculture. This reorganization re. . -
e ed from 'Flne recommendation of the President in his first annual
essage, which recommendation finally became law by the act of Con-
gress approved October 1, 1890, which defines the military duties of 9

_ the Signal Corps of the Army, as follows: iy »*

tli“ S_ectio_n 2. That the Chief Signal Officer shall have charge, under
of(i) direction of the Secretary of War,of all military signal duties,and =
0oks, papers, and devices connected therewith, including telephone

appar bl
- Apparatus, and the necessary meteorological instruments for use on

arget ranges, and other military uses; the construction, repair, and

- Oberation of military telegraph lines, and the duty of collecting and.

all‘fﬁéiﬁnitting information for the Army by.telegraph or otherwise, and
er duties usually pertaining to military signaling ; and the opera-

tion of gaid Corps shall be confined to strictly military matters.”
Wiﬁlttﬁresent the Signal Corps is composed of a Chief Signal Officer
e ﬁretl‘lif:nk‘of brigadier general, one major, four captains (mounted),
o forst lieutenants (mounted), together with ten ﬁrst-cla§s sergeants
Tt Wey sergeants. The officers of the Corps, appoint.ed in February
Aok 1,1 e e s‘(?lected. from officers of the Army, with particular rgferen}ce‘..
S ;niazét, ‘whlch was largely determined from former service with
o gnal Corps. Iu' selecting the Board of Officers to pass on the
Parative merits of the applicants, the Secretary of War 8o consti-

A\

¢ recommendations of the Board, and of the Chief Signal Officer,

Were fully approved by the Secretary of War Rt
President, y the Secretary of War and concmred in by;jlthe
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The sergeants in the Signal Corps have been selected in part from
the old members of the Corps, and in part from numerous candidates
among non-commissioned officers of the line, those being transferred
whose edueation, special training, soldierly conduct, and moral stand-
ing gave promise of greatest usefulness.

DIVISION OF MILITARY SIGNALING,

In Appendix No. 1 is set forth by Cﬂl.)tf‘i“ R-_E- ’1‘!10mpson, Signai
Corps, the progress and condition of military signaling in the Army
during the year.

Tirst Lieutenant J. I8, Maxfield, Signal Corps, stationed at Fort
Riley, Kans., was temporarily (:alled. away from his instruction duties
in order to participate in field operations near the Pine Ridge Agency.
He has returned to Riley and is engaged in instructing sergeants of
the Signal Corps. Ttirst Lieutena-pt- Fr:l.nk Greene, Signal Corps, as-
signed to duty as Chief Siguz.ll Officer of the Department of Arizona,
supervises signal instructim.n in tl.mt- del)ill‘t{hent, and in addition man-
ages with energy and satistaction the difficult telegraph lines of
Arizona. '

The establishment of a Signal Corps of the Army upon a permanent
basis does not entirely relieve the Chief Signal Officer of the Army
from embarrassment in the performance of strictly military duties,
since the Corps remains unprovided with fucilities for using the pres-
ent antiquated field-telegraph train, or with proper means for improv.
ing its condition. The expericuce of the rebellion tanght the 1Impossi-
bility of the ablest officers, no matter how thoroughly informed as to
theory, to immediately and effectually perform technical daties which
they had considered only from w strietly theoretical standpoint,, Ix.
perience and practice are the salest criteriens of efiiciency. In all
foreign armies the principles enunciated by Napoleon, that speedy
communications are guarantees of success, are acted upon. The milj.
tary world elsewhere regards as indispensable auxiliavies to military
operations the perfecting of field telephone kits, the raising to a high
degree of efficiency field telegraph trains, and the development of other
adjuncts necessary to insure speedy communication. The highest
talents and the most acute minds are now applied to the development
and ektension of motors and methods for speedy and increased com-
munication, both bodily by transportation lines and mentally by tele.
graph and telephone. In foreign armies the results of such inventions
are quickly applied to the solution of professional problems arising in
connection with military duties, and if the professional standing of the
American Army is to be maintained, similar application must be made
in this country, otherwise a few years would leave the entire army un-
skilled in the most important of modern appliances.

The radical ehange in strategic operations involving the movement
of soparate bodies of troops is strikingly illustrated by Von Moltke in
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his determination to unite his armies within his adversaries’ country
at Gitschin, “ he moved his two separate armios by means of the elec-
tric tolegraph with as complete precision as if they had been coucen-
trated under his own eyes,” and so assured was he of the certainty
and speed of this method of communication that even after his armies
had made their way into the heart of the enemy’s country ¢ instead of
at once uniting he kept them designedly at least one day’s march
apart, in the hope of sccuring the tactical advantage of engaging his
enemy in frout with one whilst lie fell upon his flank or rear with the
other, which he actually did subsequently.” Lord Wolseley, in criti-
cising Von Moltke’s tactics, says “to have attempted such an opera-
tion as his invasion of Bohemia Lefore the electric telegraph was in-
vented would have been mad rashness,” and he draws the conclusion
that to excel the geueral must study not only the inventions and wmost
recent discoveries in applied science, and the improvement in the me-
chanical implements of the day, but he must eateh eagerly at those
wlich he sees looming up in the distance.

At the end of the rebellion, the Signal Corps of our Army was the
most efficient in the world, and now, while foreign governments are ex-
tending ifs means and improving its methods, haviug copied the Ameri-
can idea of army signaling, tho Chief Signal Officer feels impelled to
urgoe upon Congress the importance of providing suitable means for the
regular instruction and drill of the officers and men of the Signal
Corps, who, otherwise, must steadily retrograde and become unfitted
for such work uunder diffienlt conditions. Ample material and support
are necessary to raise the Signal Corps to a high standard of efficiency
and keep abreast of modern progress. The telegraph, the heliograph,
the electric flash-light, and the telephone have become potent factors
in civilized warfare, and any neglect to provide suitable means for

. a military corps eharged with the study, practice, and operations of the
same, cannot commend itself to any thoughtfullegislator. While mil-
lions of dollars are being appropriated for our coast defenses, the
Signal Corps bas found itself unable to furnish needful telephones,
telegraph lines, and other electrical apparatus for artillery ranges.
DPractice in counstructing and maintaining telephone lines and field

- telegraph trains can be had at inconsiderable expense, and with great
advantage in connection with summer campaigns and marches of the

‘regular Army, and particularly with the large camps of the militia of the. '
various states. .

In her strenuous efforts to improve the efficiency of her army, France
felt the necessity of sure and rapid means of conveying orders from the
commanding geuneral to his division commanders, and special efforts
have been made in this divection. As a result the French military
authorities congratulate themselves on the speedy and accurate manner
in which the military manceuvres of this year, involving the handling
of 150,000 men over a limited territory, were accurately and promptly
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"performed without disorderor delay. In this mobilization, says one of
the French journals, the system of communicating orders by electric
lines of permanent aund temporary character was perfected to such an
extent as to elicit especial commendation from the commnanding
general. i

In the French manceuvres referred to it appears that the use of
the captive balloon, initiated by MecClellan at Yorktown in 1862, has
been carried to a successful stage by European experts. A captive
balloon was kept in constant communication by means of telephones
with the Commanding General, and the post of observation was so
commanding that no movement of any considerable body of troops by
the enemy was possible without speedy detection and report. The
Chief Signal Officer has long appreciated the importance of balloons in
active military operations, and he has made a special estimate for the
purchase and construction of a military balloon train, which is a neces- -
sary adjunct to the permanent equipment of the Signal Corps.

The necessity of determining by experiment the mostserviceable and
snitable mechanism for a powerful flash light demands instant and care-
ful consideration at the hands of this Corps, and a small appropriation
is asked therefor. Such powerful lights are indispensable'to successful
night signaling, and in addition are absolutely necessary for use as
search lights for detecting and neutralizing night assaults on perma-
nent or temporary earthworks and also on exposed camps.

It is most desirable that appropriations for flash lights and balloons
be made during this fiscal year, in order that these important outfits
may be practically exhibited at the World’s Fair in 1893.

SEACOAST, MILITARY, AND TELEGRATH LINES

Major II. H. C. Dunwoody, Signal Corps, in Appendix No. 2, states
the condition under which the military and seacoast telegraph lines
have been maintained and operated during the fiscal year. Under the
act of Congress approved October 1, 1890, the coast lines (634 miles in
length) were designated for transfer to the Department of Agriculture
on July 1, 1891, while the lines. maintained for strietly military pur-
poses (1,025 miles in length) remain under the charge of the Chief
Signal Officer of the Army.

The seacoast lines have suffered material interruption during the
year on the Atlantic coast from Cape Charles, Va., via Norfolk, to
Hatteras, N. C.; the cable across Oregon Inlet had its shore ends drawn
“from their landings by the violent storm of January 16,1891, while the
cable from Cape Henry to Cape Charles was broken, presumably by the
anchor of a vessel. The Oregon Inlet cable was so deeply buried in the
sand as to render its recovery impossible, and it was replaced on'J une
7th by a ncw cable of much heavier material. Like the former, the
new cable has two conductors, of which one is placed at the disposal of
the U. S. Life Saving Burean. Owing to insufficient funds, nothing
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could be done with the Cape Charles cable, excopt to buoy and secure
it, until July last, when funds would become available for final and com-
plete repairs.

During the year the Tatoosh Island cable and land line have ve-
mained inoperative, owing to the insufficiency of the special appropria-
~ tion forrepairs. The sum of $6,800, estimated for originally, was based

on the importation of a cable free of duty, but assubsequent legislation
required the imposition of such duty, it became necessary to ask an in-
crease of the appropriation to cover this difference in the cost, which
increase was granted by Congress and incorporated in the appropria-
tions for the coming fiscal year. A new cable has been contracted for,
and the work of reconstructing the Iand line between Port Angeles and
Cape Flattery commenced, so that telegraplic connection with Tatoosh
Island should be renewed on or before Angust 1, 1891.

The value of the seacoast lines has been demonstrated during the past
year. Shortly after the loss of the Oregon Inlet cable, there occurred
in the immediate vicinity three shipwrecks, involving the loss of
nineteen lives, and emphasizing the importance of telegraphic communi-
cation along the dangerous coast of North Carolina. During the year
four vessels, through timely warnings over the Point Reyes line, were
saved from destruction, the most notable case being the British ship
‘ Jessamine,” February 22, 1891, whose equipage of twenty men and
valuable cargo were saved through prompt action in sending relief.
On the Nantucket systewm of cables and land lines, the Signal Corps
operator at Vineyard Haven, establishing a flying station at Gay Head
in connection with the wreck of the U. 8. steamers ‘‘ Galena” and
‘‘Triana,” rendered valuable and efficient services which were acknowl-
edged by the Secretary of the Navy in a commendatory letter,

The Ohief Signal Officer commends espeeially the satisfactory service

-rendered by the enlisted men and civilian operators in connection with
the military telegraph lines, whether on the seacoast or inland, which,
remote from centers of civilization, necessitate prolonged and mo-
notonous hours of duty every day of the year, and also physical hard-
ship resulting from the necessary exposure during extended repair
trips. The seacoast lines have beon extended from 621 to 634 miles in
‘length, owing to changes in the Point Reyes line rendered necessary
by the approaching transfer and consequent separation of seacoast and
military telegraph lines.

MILITARY TELEGRAPH LINES,

The Chief Signal Officer has followed the previous policy of discon-
tinuing military telegraph lines wheroever the extension of railway or”
commercial telegraph lines, or the abandonment of military posts
wounld permit. During the past year these lines have been reduced .
from 1,337 to 1,025 miles in length. . :

The most important divisions arg in the Department. of Arizona,
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where 417 miles are in operation, und in the Department of the Platte,
where 290 miles arec maintained and operated. There appears no
immediate probability of material reduction in the length of these
which, as a rule, may be said to be indispensable to efficient and
economical military opcrations in connection with Indians,

The mixed military and seacoast telegraph system connecting Point
Reyes and the military posts in the harbor of San Xrancisco with the
Signal Office, has been maintained with a fair degree of efficiency dur-
ing the year. The unfortunate accidents to the military cable in the
harbor of San Francisco, conjoined to the breaking of seacoast cables
in Chesapeake Bay and on the North Carolina coast, with the limited
appropriation, ,rendered it impossible to lay a new cable in San
Francisco harbor. It was, however, possible to restore communication
by patching up the cables with heterogeneous and unsuitable old ma-
terial. The importance of coast defenses in connection with the harbor
of San Francisco demand imperatively that a new cable should be laid,
and an estimate therefor will be submitted.

WEATHER FORECASTS AND STORM WARNINGS.

The prompt and regular issue of weather forecasts and storm warn.
ings has been possible only through the remarkably efficient telegraph
service rendered by the Western Union and other telegraph companies,
It is simple justice to the Western Union Telegraph Company, whicl,
corporation handles nine-tenths of the weather reports, to say that
-despite the fact that during the fiscal year no compensation was paid
this company, owing to pending controversy regarding rates, such
conditions have not impaired the efficiency of its telegraph service ;
indeed, in the past two years the cireuit reports have been handled
with unprecedented aecuracy and speed, while the special service has
been most satisfactory.

Only one serious interruption in the telegraphic service occurred'
during the year, when the heavy sleet storm of January 24-25, 1891,
destroying direct communication with New York City for several days,
delayed beyond ordinary circuit hours the receipt of reports from New
England and New York. In this case, as in previous years, the West-
ern Union Telegraph Company placed their only wire at the service of
the Signal Bureau, and handled with great celerity these reports by a
circuitous route via Chicago, Cincinnati, and Augusta, Ga.

* The method adopted of comparison between the official forecasts and
the subsequent weather conditions by a disinterested professor has
placed the Bureau beyond the suspicion even of prejudice in this direc-
tion. The percentages, set forth in Professor Marvin’s report (Ap-
pendix No. 3), are believed to represent with close approximation thie
success of the forecasts, both as regards public impression and also ag
showing the mathematician’s conclusions drawn from definite and in-
disputable observations. It must be said, also, that it is not claimed
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that these resunlts are strictly comparable. The great and almost in-
separable difficulty in weather forecasting relates to the exact predie-
tion of rain as regurds both areas and time. The officer having a fair
weather month, other things being cqual, will have a higher percent-
age than his intellectual superior witli an unsettled month. This is
shown couclusively by the forecasts for the Pacific coast, where south-
ern California, with its settled weather, gives about eight per cent.
higher verification than Oregon. The question of weighting predic-
tions according to their difliculty has been considered, but it was de-
cided that the results would not be worth the time necessary for such
close analysis. The yearly averages of temperature and weather com-
bined for the past three years are: 1889, $1.0; 1890, 82.6; and 1891,
83.5. A very gratifying improvement is also found in the successful
wind signals, as follows: 1889, 67.3; 1890, 67.1; and 1891, 70.9.

The highest percentage in weather was obtained by 1st Lieutenant
W. A. Glassford, in February, viz., 90.4, the highest, it is believed,
made since the prediction by states began. The highest average in
temperature was also attained by the same officer in the same month,
84.3. The percentage for signals shows the highest by Professor
Hagzen, viz., 82.1, in March.

The marked differences between percentages of signals verified dur-
ing the winter and summer months makes it inappropriate to draw for
each official general averages based on all classes of forecasts, as had
been contemplated by the Ohief Signal Officer, so that until a correc-
tion due to the season can be satisfactorily determined, it is fairer to
all officials concerned to publish their percentage for each class of work.
If the other course was followed injustice would be done by comparing
the work of a professor to his disadvantage, if his signals were displayed
in the month of light and variable winds, with that of his brother
professor, whose signals were displayed in the month when the winds
were highest and most frequent.

Long time forecasts of weather and temperature have been issued at
the discretion of the forecast official with successful percentages of 84.1
for 48 hours and 87.1 for 72 hours. These forecasts are made for ex-
teusive sections of the country. The forecasts for 72 hours (1,121 in
bumber) were infrequent as compared to those for 48 hours, which
aggregated 2,189 predictious.

This very gratifying improvement on the forecasts for 1891-1890, of
2.5 per cent. for the 48-hour predictious and 5.7 per cent. for those of 72
hours, givesindication of what the country may reasonably expect fromn
future predictions of this character. The issue of these forecasts is en-
tirely optional with the forecast officials. In this class of work,
Captain James Allen, Signal Oorps, and Prof. H. A. Hazen have
shown great willingness to venture, in the interest of the public, on
predictions for two or three days in advance, Captain Allen making
891 predictions during the year and Professor Hazen 5562,
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The following-named officers have performed the difficult and arduous
work of forecasting: Major H. H. C. Dunwoody, Signal Corps, August
and January; Captain James Allen, Signal Corps, July, December, and
April ; Captain R. K. Thompson, Signal Corps, September ; Lieutenant
W. A. Glassford, Signal Corp;‘, October and February; Prof. H. A.
Hazen, November, March, and May ; Licutenant John P. Finley, 15th
Infantry, for the Pacific Coast region during the entire year. The de.
tailed standing of these forecast oflicials appears in Appendix No. 3.

COLD WAVE AND TEMPERATURI WARNINGS.

Prof. Thomas Russell remained in charge of this important duty
until relieved in May, 1891. His report forms Appendix No. 4. The
percentage of success under the present rigid rules was 59.2, an im.
provement of 4 per cent. over the work ol last year. Under this system

- of verification all cold waves missed, or those which donot come within
the prescribed time, are counted against the official,

LOCAL TFORECASTS.

The plan initiated by the Chief Signal Officer a few years since, of
autliorizing the most competent observers of the Service to make local
forecasts for their own station and immediate vicinity, has been very
highly gratifying in its success, and no less than forty-five observers
at the date of this report are making, with a fair degree of success, fore-
casts of the weather and temperature for their stations. Although
this marked step in advance has been practically made, yet it was not
until the present year that the Chief Signal Officer succeeded in hav-
ing this system oﬂicin]lly recognized by Congress. The appropriation
made by the last Congress incorporated therein unchanged the esti-
mates made by the Chief Signal Officer, whereby twenty of these
competent and deserving observers will be officially recognized in their
position as local forecast officials with increased compensation for these
important duties. It is hoped and believed that this system, initiated
by the Chief Signal Officer, will be further extended d"“ingtl’le comiig
year. The local forecasts thus made have been given equal or greater
prominence than the forecasts made at Washington, and in no case
has the publication of the local forecasts been delayed in order to
distribute with them the general forecasts made at the central office at
Washington. .

WEATHER AND COLD-WAVE SIGNALS.

"y g TR 97 stations o whi
There arg no less than l.,1..'7 s@atlona to which weather, frost, and
cold-wave signals have been digtributed by telegraph at the expense of
the Governmeut, at such period of the year as cach displayman desires
them.
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. WEATHER MAPS.

The gratuitous issue of semi-daily weather maps to commercial
bodies, adjacont post offices, educational institutions, railway stations,
and prominent business firms has been continuned during the year
with inereased interest and efficiency. There are no less than fifty
stations irom which the current maps arve sent out Ly messenger or
mail within an unusnally brief time, averaging less thau two hours
after the receipt of the last telegraphicreport.  Six stations send both
the night and the evening edition, viz.. Boston, Chicago, Cincinnati,
Harrisburg, New York, and Saint Louis.

At a few stations the type in use is becoming illegible, but the sub-
appropriation would not permit its replacement, whiclh, contemplated
this year, had to be deferred, owing to the insufficient sub-appropria-
tion. Each observer has been permitted to use the method with which
he thought the best results could be obtained, whether costly or cheap,
by regular type with metal symbols, by milleograph, or by cyclostyle.

Very marked improvements in the general appearance and legibility
of the maps have been made during the year. The ChiefSignal Officer
became satisfied, on a personal consideration of the subjeet, that at all
stations, as at Washington, maps, in addition to the usual lines of equal
temperature and pressure, could also graphically exhibit marked
changes- in temperature and excessive rainfall over extended areas
since the last report. Sergeaunt John W. Suiith, on duty at Boston,
Mass., one of the most competent observers in the Service, having been
personally directed to experiment in this direction, soon demonstrated
the possibility and legibility of such graphic methods which before
seemed impracticable with the small means and cconomical devices in
vogue at stations. Later, Sergeant L. M. Dey devised ashading appa-
ratus for these conditions by using colored inks, applied with corru-
gated rollers. The application of these methods has become as gen-
eral as the limited sub-appropriation would permit, and the style and
class of maps now put forth by many observers of the Signal Corps
leaves little to he desired cither in legibility of text, in clearness and
simplicity of graphic methods, or in artistic excellence. The plan
adopted by the Chief Signal Ofticer of complimenting monthly the five
observers who exeel in map work has stimulated the activity of all ob-
servers, and vesulted in an unusually large proportion of observers be-
coming more or less expert as map makers. Further liberty has been
given observers in their methods of map making, whereby each observer

as directed to himself carefully consider, and also to consult local
authorities as to the business interests most intimately concerned in
the prompt and legible dissemination of meteorological information, in
order that the local map might contain such data as was most accepta-
Lle and of the greatest benefit in their respective localities. A stand-
ard map, based on the observer’s recommendation, was then approved
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for each station, from which, in order to sccure uniformity, no devia-
tion is permitted except on a renewed recommendation of the local ob-
server,

No doubt exists that, at present, the maps issued by this Serviee ave
unrivaled as to their legibility, simplicity, and general appearance,
while as to promptness of issue, and its extent, whether in number of
copies issued or distance sent, the Signal Service of the United States
isnot even approached by any other meteorologic: U serviee, ’

The number of maps issued during the year oxceeds conside ably
one and one-cighth million copies, and even this large namber is en-
tirely inadequate to meet the growing wants and demands of the coun-
try, and was assisted during the past year by the sub-appropriation
available, which amounted to only $15,000. There is no reason why,
with the liberal and unrestricted appropriation for the next year, the
issue should not reach 1,500,000 copies.

Itis proper to remark that the remarkable increase for"the past four
years has beeun a strictly legitimate, healthy growth, resulting from in-
creased interest in the subject of the weather. The Chief Signal
Officer has followed a progressive policy as to the distribution of these
maps, and has disapproved and discouraged any methods caleulated to
build up au apparent or fictitious circulation of these valuable publiea.-
tions.

The following list shows the increased circulation since 1886, when
the Chief Signal Ofiicer took charge of this work :

.

Issued at— ] 1835-'87. 1857-'88. ] -888-'8g. ‘ 1889-"go. 1890-'g1,
- '—'" B I S e e [
Washington CItY coeevrs coreernvennnnnns 126, 000 117,750 | 175,000 | 193,140 To1,8
) s ! 4 46
Other STALIUNS .. evenannennronsieennnses | sm28 | 274411 | 683047 | 836,308 | 1,007,186
Totaleiireeneeiienensrennnns PR i 178, 248 ' 392, 161 I 1,059, 534 ’ 1» 199, 002

That the increase o( mtue.st is among the people at large, and not
stimulated at the central office at Washington, is shown by the fact that
the increase in issue at the central office in the past five years has been
only 52 per cent., which corresponds closely with the increase in the
general work of the Bureau. Outside of Washington, however, the
maps issued increased from 52,248 in the fiscal year ending June 30,
1887, to 1,007,156 copics in the past fiscal year, an increase of 1,828 per
cent. in h\'e years. Formerly the issue of maps for the entire country
outside of Washington amounted to less than one-third of the whole
number; at present it exceeds 84 per cent,

WEATHER REPORTS FROM THE WEST INDIES.

The project of obtaining reports from the West Indies by the co-
operation of the United States cousnls, which was under consilleration
last year, was successfully put in operation early in the present year,
Through the courtesy of the Department of State, the Chief Signal



REPORT OF THE CHIEF SIGNAL OFFICER. . 13

Officer perfected arrapgements for the establishment of auziliary sta-
tions at Saint Thomas, San Domingo, Kingston, and Santiago de Cuba.
Two observations are taken daily at specified times, and in case of
marked atmospheric changes a special observation is at once taken
and telegraphed. For economic reasons, but one special report is
paid for daily. The period of observations is from July 15 to October
15, or in other words, during the hvrricane season.

These reports from the West Indies are telegraphed by special mes-
sage to the observer at Key West, Tla., who enciphers them in the
code used by this Service, combines them in one special messago and
telegraphs them to the observer at Jacksonville, Ila., at which point
they are placed on the Jacksonville and Washington circuit and thus
reach the central office. By speeial arrangements with observers at
the West India stations, cablegrams, at the expense of this Service, are
also sent at the approach of hurricancs from October 15 to July 15.

Correspondence was had with Prof. Charles Carpmael of the
Canadian Meteorological Service, with a view of rcceiving reports
from Bermuda Island through the Torounto office, which will be done
as soon as that service perfects its arrangements with the Halifax
Cable Company as to the rate to be paid. In the meantime, whenever
unusual meteorological condifions obtain at Bermuda, this service re-
ports direct from that island at the expense of the United States
through the courtesy of Geueral Russell IHastings, who voluntarily
and personally performs this valuable scientific work for the Signal
Office. .

Through the courtesy of Professor Carbonnelly, Director, Maritime
Metecorological Office, Havana, Cuba, daily reports have been received
regularly from HHavana, The Chief Signal Officer acknowledges with
pleasure the continued interest and co-operation of Padre Vines, S. J,,
‘n connection with hutrieane reports and forecasts.

IHYDROGRAPHIC OFFICE.

During the past year the observers in charge of the stations at
Brownsville, Charleston, Eastport, Galveston, Key West, Mobile, New
London, Pensacola, San Diego, Southport, and Wilmington have con-
tinued to perform for the Hydrographic Office of the Navy such mari-
time meteorological work as would not interfere with their regular sta-
tion duties. ‘

RIVERS AND FLOODS.

Prof. Thomas Russell has continued in charge of the river and
flood service of this Burcan during the year. Tt has been long evident
to the Chief Signal Officer that this division was one of such import.
ance as to command the complete atéention ot oune of the professors of
this Service, consequently Professor Russell was relieved in May, 1891,
trom all other duties, and was dirvected to devote his entire attention
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to a careful investigation of flood conditious in order that satisfactory
rules for predicting the stages of rivers might be elaborated.

Observations of the heights of rivers have been made at 27 regular
Signal Service stations and at 109 special river stations, Supplemen-
tary to these, 50 rainfall stations, located on the headwaters of the
most important tributaries of the great rivers, have been maintained,
since speedy and accurate information of heavy rainfalls at such points
is of great importance in forccasting river changes. Thirty-eight
special river stations have been established during the year, a majority
of these being in the south Atlantic states, for the benefit of the various
industries along the Alabama, Coosa, Tallapoosa, and other rivers in
Jthat section. '

During the time of the high water in the Ohio and Mississippi rivers,
when a heavy rainfall of a single day might have brought about a re.
currence of disastrous floods, special attention was given to distribut.
ing widecast through the scetions interosted, bulletins showing the
daily stages and changes, accompanied by definite predictions for sev.
eral days in advance. DProfessor Russell announced with a close de.
gree of approximation the crest of the high waters expected, which
predictions were well verified both as to date and stage.

On April 2, owing to the threatening condition of the rivers and the
general feeling of msceurity engendered by the disastrous floods duy.
ing the spring of 1890, the Chief Signal Officer put forth aspecial river
bulletin for the lower Mississippi valley, wherein he set forth that the
river at Cairo would rise in the next week to about 45 feet, but that
the high stage of water then prevailing in the lower rivers (48 feet at
Vicksburg) could scarcely be maintained, and that any further rige
would not exceed a few tenths of a foot. This foreeast, which proved
to be correet, restored. the confidence of the people in the lower Missis-
sippi valley. Special reports and timely foreeasts were furnished to '
engineers in charge of levees, and to other interested parties in the
threatened districts.

As will appear from Professor Russell’s report (Appendix No. 4),
the correct warnings, given in ample time, proved to be of great benefit
to owners of stock and other exposed and movable property.

The importaut wovk of devising satisfactory rules for forecasting

_river stages has been pursued by Professor Russell, and his results are
incorporated in the report submitted herewith, wherein they are
properly entitled: * Practical Rules for the Prediction of 1lood Stages
of Rivers in the United States.”

Despite the long-continued series of river observations, covering
many years, this is the first attempt to ntilizo the records in the deri-

“vation of practical rules for forecasting. These rules cannot be de.
termined with the same degree of aceuracy for every place, si nee, as a
rule, the less tho proportion of drainage area between two dependent
gauges on a river, so much the more accurately can the resuttant stage
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at the lower one bo predicted. For instance, the stage of the Ohio
River at Cincinnati, prodaced from a drainage area of 78,000 square
miles of territory, is the result of the stages of two or three days
previous at Parkersburgh, W. Va., Charleston, W. Va., Louisa, Ky.,
and Cireleville, Ohio, but as there are over 20,000 square miles of drain-
age area between the last point named and Cinciunati, the prediction
of the river stage for the last named point must be somewhat indeter-
minate. Other sources of uncertainty are indicated by Professor Rus-
sell in his most valuable and intervesting report (Appendix No. 4). He
further points out that the proportional effects from risé of the differ-
ent tributaries can be ascertuined only by discharge measurements,
since the same stagoe of water on different rivers corresponds to very dif-
ferent quantities of water and area of cross section of the river, It is
therefore to be anticipated that more satisfactory rules for predicting
river stages can be formnlated in proportion as river records, covering
extended periods, become available. Doubtless, too, the analysis of
rainfall observations, which Professor Russell is now undertaking, will
result in an improvemont of therules. By the present rules the groeat-
ést error in a predicted stage for Cincinnati should not exceed three
feet, and for Cairo and the lower Mississippi river it shonld be much
less. The probable error at Cairo is not plus or minus 1.2 foot, while
the largest error likely to occur is placed at 3.0 feet. These errors re-
sult largely from the fact that above Caivo there are drainage basius of
108,000 square miles which do not pass Saint LO“lb Cincinnati, Chat-
tanooga, or Nashville, the places on whose gauge readings the pre-
dictions for Cairo necessarily depend. However, even with present
imperfections in records and methods, the predietions for tho Missis.
sippi and Ohio this year gave very general satisfaction. The special
bulletin issued February 25, 1891, gave the forecasts and stages for
five places in the lower Mississippi valley, for nine to thirtecn days in
advance, with such a degree of accuracy that the actual stages differed
from the predicted results only by about oue-teuth ofia foot, while the
maximum error was only four-tenths of a foot.

The relative effeet of different rivers in producing freshets waves
might be supposed (though incorrectly) to be nearly proportional to
their drainage areas. It is importaut to note that the average slope
in drainage basins and the permeability of the soil determine largely
the action of rivers in producing floods. I’rofessor Russell is investi-
gating rainfails in detail, and expects to ascertain for each river basin
the quantity of raiufall, its distribution, and the consequent recurring
river stages.

Professor Russell also expects much from gauging the important
tributaries of the Ohio River, viz.: the Wabash, Green, Kentucky, Big
Sandy, for which purpose Congress has mpproplnted £4,000 for use
during the coming fiscal year. The methiod proposed for tlus work ap-
pears in Professor Russell’s report.
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Oonsidering the enormous amounts involved in the interests of our
navigable rivers, it may safely be said that there is no branch of the
Weather Service from which the public derives so much benefit, in pro-
portion to the sum expended, as from the River and Flood Division,
with its speeial sub-appropriation of $17,000.

There has been continued during the year the publication, by the
milleogx-aph process, of the stages of the principal rivers of the United
States. The following three parts of this very valuable compilation
have been completed: .

«T. Stages of the Ohio River and its principal tributaries, 1858 to
1889, inclusive,” 377 pages.

«TI. Stages of the Mississippi River and of its principal tributaries
except the Ohio, 1860 to 1889,” 525 pages. !

¢ III. Stages of water at miscellaneous river stations in California
‘Oregon, North Carolina, ete., 1875 to 1887, inclusive,” 143 pages. ’

About fifty copies of each have been produced, which have been dis-
tributed to the most important stations of this Service, to a few public
libraries in the region of the stations, to varions engineers engaged in
river work, and to the Missouri and Mississippi River Commissions.
These volumes show all the river stages observed by the Signal Service
up to January 1, 1890, except for places where the stages have already
been printed by the Mississippi River Commission.

MONTHLY WEATHER REVIEW,

The Monthly Weather Review, regularly published during the -
year, has been based on data received from an-average of 2,300 ob-
servers. The policy initiated by the present Chief Signal O’ﬂicer of
publishing rainfall and temperature data, rendered by every voluntary
observer of the Service, has increased the interest in this publicat-ioﬁ

In addition to the treatmeut of current meteorological conditions.
there have been added from time to time, as opportunity and spac(;
would permit, other meteorological data of great value. In this man-
ner there have been published during the past few years data show-
ing the warmest and coldest months, also the wettest and driest months
covering a period of 20 years and corresponding to the month for whi(;li
the Review is issued. It is beyond question that the Monthl
Weather Review is the most extensive and complete climatic pub‘sj
lication extant, and that an examination of its pages will give fuller
climatic data for the United States than can be found elsewhere for
any equal area on the face of the globe.

INTERNATIONAL WORK OF THE UNITED STATES SIGNA
SERVICE.

In pursuance of a plan of co-operation recommended by the Vienna
Meteorological Congress of September, 1873, the work of inaugurating
o
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a system of international daily simultaneous meteorolomcal observa-
tions was begun by the Chief Signal Officer of the United States Army
"in the fall of 1873, and by July, 1875, the number and distribution of
reports received warranted the publication of the Bulletin of Daily
Simultaneous Observations.

The work thus commenced rapidly developed and proved the most
gigantic, important, and successtul undertaking in the history of
meteorology. During thirteen years, 1875 to 1887, inclusive, the land
observations of this Service covered the countries of alimost the entire
Northern Hemisphere and a part of the Southern Hemisphere, reports
were received from regular naval and merchant marine vessels of the
principal countries of the Northern IIemisphere, and over 150,000
monthly reports, representing upward of 5,000,000 daily simultaneous
observations, were received at the Office of the Chief Signal Ofticer at
Washington City.

The co-operation of the United States Navy was begun in 1877, in
accordance with a General Order of the Secretary of the Navy, dated
December 25, 1876.  Observations were received from a number of
vessels of the merchant marine during that year, and sub-standard
barometers for comparing and correcting ships’ barometers were placed
in the Maritime Exchange, New York City, and in the Merchants
Exchange, San Fraucisco, Cal. Through the co-operation of the
navies of Great Britain, France, Sweden, Italy, and Portugal, and of
a number of the great steamship companies, foreign and domestic,
and also of the “ New York Ierald Weather Service,” the number of

‘vessels reporting was increased to over 400 by 1882. In this year
marine agencies for the collection of vessel reports and the compari-
son of instruments were established at the principal scaports of the
Atlantic coast, and a considerable nwnber of instruments for taking
observations were issued to vessels of the United States Navy and to
captains of vessels of the merchant marine engaged in the work. As
a result of the establishment of the marine agencies the number of
vessels furnishing daily simultaueous observations rapidly inereased,
and at the close of 1887, when this branch of the Service was transferred
to the Hydrographic Office, Navy Departinent, reports were received
from nearly 600 vessels.

The number of foreign laud stations increased to a'total of 459, ex-
clusive of the international polar stations, and the following named
countries co-operated during a part or the whole of the period, 1875 ta
1887: Algeria, Australia, Austro-Hungary, Belgium, Brazil, Great
Britain, Canada, Cape Colony, Chile, China, Costa Rica, Denmark,
Egypt, France, Germany, Greece, Hawaiian Istands, India, Italy,
Japan, Mauritius, Mexico, The Netherlands, Norway, Russia, Scotland,
Spain, Sweden, Switzerland, and Turkey. In addition to the reports
furnished by the regular services of the several countries observations
were made and forwarded from the islands of the North Atlantie

WAR 91—vVOL Iv—-2
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Ocean, Ceptral America, northern South America, Bering Island, the
Aleutian Islands, Alaska, Greenland,; and Iceland.

At a meteorological congress held in Rome, Italy, in April, 1879,
the work of international observations was encouraged, and the publi.
cations of the United States Signal Service were mentioned as models
of work to be desired in Europe. By resolutions of the metcorological
congresses at Hamburg, in 1879, and at Saint Petersburg, iu 1881, ge-
tails for the establishment of polar stations were arranged, and it wag
definitely understood that the series of polar observations should begin
August 1, 1882, One of the United States expeditions under the
command of First Lieufenant A. W. Greely, Iifth Cavalry, Acting
Signal Officer and Assistant, sailed from Saint Johns, Newfoundland
July 7, 1881, and: reached Lady Franklin Bay August 11, 18313
the other, under the command of First Lieutenant . H. Ray, Eightﬁ
Infantry, Acting Signal Ofiicer, sailed from San Francisco, Cal., July
18, 1881, and trrived at Point Barrow, Alaska, September 8, 1881.
International polar stations were also established as follows: By
Austro-Hungary, at Jan Mayen; by Denmark, at Godthaab; by Rip.
land at Sodalynka; by France, at Orange Bay, Cape Horn; by
Germany at Kingawa Fiord, Cumberland Sound, and at Royal Bay
S. Georgian Islands; by Great Britain and Canada at Fort Rae’
British America; by Holland, at Dicksonhaven; by Norway at Bos-’
sekop; by Russia at the Lena Delta and Nova Zembla ;' and .by
Sweden, at Spitzbergen.

The international publications of the Signal Service, which com-
menced with the regular issue of the Daily Bulletin of Simultaneons
Observations in July, 1875, embody data whose value cannot be over-
estimated. The network of stations which covered the Northern
Hemisphere for a period of years furnished a vast number of reliable
observations, the study of which has in no small measuare contributed
to recent discoveries and advance in metcorology, and in future inves.
tigations these observations will be invaluable, In the followine t'tbie
are given the dates upon which the several international publiczz,)t;c;us

were commenced and discontinued : ,

Name of publication. Date commenced. | Daje fli%contil;;o_d‘_
. | s q,
Daily Bulletin of Simultancous Observations............. Y - T
Mnn{hly Menn Charts of Pressurc and Temperature of | WY 11875 «1 June 30, 1854,

Northern Hemisphero..oooeieeeeiien iaiannn

Storm-track Charts of Northern Hemixphero . | Deeember, 1557,

Decembery, 1887,

Daijly International Maps..ooevveeeenoiian, ! Tine 30, 1951
O soeesscesarscbsssntasseosesssasesasssas el . e 5‘“.,:-.
s Monthly Summary and Review ceree S ) };ZL?IE{',ﬁi 3]1&5!887.
' ) 1687,

Monthly SUmMmary ...eeeevvse IR R R TR T F T USRI | January, 185 June, 1859,

s Prior to 1883 this subject \;nséml:;dud;n—thc i\‘l“(;‘l’l“’ll_y \\;ontlcill{e‘_u; T

With the virtual discontinuance of internatidnal work af’tcl: 1887 the
Chief Signal Officer ordered the preparation of a summary of observg.-
tions showing for each station of the international series the means of
ten years’ (1878 to 1887, inclusive) observations. This summary wag

———
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prepared, together with charts showing the monthly mean pressure
and prevailing winds over the Northern Hemisphere, under the personal
direction of the Chief Signal Officer, by Mr. E.B. Garriott, formerly of the
Signal Corps. In the preparation of the charts (Nos. 1-12) the series
of international polar observations was used, together with all availa-
ble observations taken throughout the Northern Hemisphere. Addi-
tional charts (Nos. 13-24) were prepared showing the normal pressure
changes from month to month over the Northern Hemisphere, and
charts showing in figures the number of storm-centers which passed
over each square of 5°, and by lines the most frequent tracks of storms
in ten years. These publications and charts are based upon an un-
paralleled series of observations; they represent graphbically the labor
of meteorologists throughout the civilized world for a period of thirteen
years; they are unique in the annals of meteorology ; and their proper
presentation, rendered impracticable herctofore owing to insufficient
funds, is alone needed to class them with the most treasured products
of modern meteorology. In completing this work, the Chiet Signal
Officer has compiled maps showing the moan pressure of the Northern
Hemisphere as deduced from ten years’ observations under this system,
and has charted areas of storm frequency, which valuable confribu-
tions are appended to this report.

STATI WEATHER SERVICES.

The report of Major H. H. C. Dunwoody on stato weather services
co-operating with the Signal Service for the last fiscal year forms Ap-
pendix No. 5. This report while setting forth in very considerable
detail the bistory of the state and local weather services now in opera-
tion, yet conveys a very inadequate idea of the progress made during the
past year, and is likewise deficient in not setting forth the fact that
many of these services are state weather services only in name, and
that their standing and organization are duo to indispensable assist-

“ance both in men and material from the Signal Service, without which
these services could not have lived for a day.

The Chief Signal Officer pointed out in his last report the evident
necessity of drawing a sharp distinction Letween state services which
actually co-operate with the National Service aud those which have
been practically maintained at the expense of the National Service,
using the state name with the expectation of favorable legislative action
whereby appropriations would make these serviees independent of the
General Sepvice and give them suitable standing. The Chiet Signal
Officer has not earried out the line of policy set forth in the last report,
that aid should be withdrawn from such services as were unable even
to print the accnmulated observations for the benefit of the stato after
having clerical assistance, stationery, office supplies, and even instru-
ments farnished by the National Service. The Chief Signal Officer
thought it Lest to turn over in an unimpaired condition these organi-
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zations to the new administration of the Weather Bureau, with the pro-
posed plan of distributing the information for the benefit of the farm.
ers and in the interest of agriculture generally. It did not appear,
however, proper to the Chief Signal Officer to longer recognize on the
same footing with important services, such as those of New York, Ohio
and others, such organizations as those of Alabama, Mississippi,
Dakota, ete., which, so far as the Chief Signal Officer knew, had never
received a dollar from their own legislatures, but bad drawn their
subsistence entirely from the appropriations of the National Govern-
ment.

A state weather service is beyond doubt beneficial to its own com.
munity, and forms an important and valuable adjunct to the National
Service; but the permanent maiuntenance, under the misdesignation of
state weather services, of organizations wherein the nominal chiefs are
practically figureheads, and the managing assistants are employ ed,
designated, and paid by order of the chief of the National Service, to
whom they are entirely subject, must be detrimental to the publlc in-
terest. The General Government does not receive due credit for the
work it pays roundly for, and the separate states are put in the false
position of receiving a gratnitous organization which is not cared for,
or of willing dependence on the Nation for the support of a 'su\,lw
maintained and intended solely for their local benefit.

.Such organizations are undoubtedly valuable local agents to influ-
ence public opinion in matters of legislation and appropriations, but
they should be maintained under their true guise as brauch offices of
the National Service. The reports of his inspection officers on thig
subject left no doubt as to the advisability of such course, and conse.
quently, as far as lay in his power, the Chief Signal Officer has placed
such services as are alluded to on a sound and genuine basis of braneh
offices.

PACIFIC COAST SERVICE.

The meteorological worlk pertaining to the Pacific coast has heen
performed by Lieutenant John P. Finley, at San Fr: weisco, during the
vear. In carrying out the instructions of the Chief Signal Officer, di-
recting that ¢ every offort will be made to increase the useiu]nese of
the service,” Lieutenant Finley has displayed great energy and phe-
nomenal industry, and there is no doubt that his eflorts lmvu resulted
in largely inereasing, with respect to this scrvice, the publi¢ interest
in that section of the country. The Chief Signal Officer, appreciating
the phenomenal growth in late yeurs of the Pacific slope in populatxon
industries, and other material interests, has favored with perhaps un-
due, and certainly disproportional, 111)01 ity the growing wants of the
branch office in San Irancisco, and besides largely increasing its
facilities has extended to that oftice the map system in vogue througlh-
out the eastern part of the country,
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The consolidation of the office of observation with that of the officer
in charge, while proving somewhat objectionable to certain intgrests,
and also involving increased expense, yet as a whole has inured to
the general benefit of the public.

Owing to the pressure of his duties, and as requested by Lieutenant
Finley, he was exempted from the performance of inspection duty which
haq always devolved on his predecessor, and also from the work of
selecting and installing voluntary observers. The work in connection
with such observers consequently devolved on Sergeant James A. Bar-
wick, in charge of the Sacramento station, whose long residence in
California, supplemented by an intimate knowledge of the meteoro-
logical conditions of the state, enabled him to perform this delicate
work to the satisfaction of the Chief Signal Officer. Iu a like manner
Sergeant B. S. Pague, in charge of the Portland station, has most pro-
ficiently and intelligently performed these duties for the state of
Oregon. Sergeants Barwick and Pague have also been charged with
the inspection of meteorological stations which the Chief Signal Ofiicer
was unable to visit. i

STATIONS DIVISION.

The Stations Division has remained during the greater part of the
year under the charge of 2d Lieutenant James Mitchell, whose thor-
ough familiarity with the work of that division, conjoined with faithful
and intelligent application thereto, has enabled him to render most
material assistance to his Bureau Chief. Lientenant Mitchell’s in-
teresting report forms Appendix No. 6.

At the end of the year there were 541 stations in operation, of which
26 were first-order stations making continuous:records by means of
Self-registoring instruments, and 117 were second-order stations, malk-
ing at least two observations daily. Of the first and second order sta-
tions over forty are now located in public buildings.

In November, 1890, with the concurrence of the U. S. Commissioner
of Fisheries, observations on the temperature of water were discon-
tinued. These observations have been maintained Ly ‘the Signal Ser-
vice ju the interest of the Fish Commission at various stations on the
Atlantic and Pacific coasts for the past eighteen years, and the data
how accumulated are suflicient to subserve the present investigations
of that important bureaus

EXAMINER’S DIVISION.

Qaptain Charles E. Kilbourne, Signal Corps, was in charge of this
division at the end of the fiscal year. Nearly 31,000 papers relating
to money and property accounts were received and disposed of during
the year; the work being up to date. More than 21,000 vouchers and
accounts-current pertaining to public funds have been transmitted to
the accounting officer of the United States Treasury for final settle-
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ment, while, under the supervision of Mr. George A. Warren, chief
clerk of the division, the high character of tho auditing work has
been such that not a single paper which has been certified to as cor-
rect has been returned by the Treasury Department as defective.

DATA DIVISION.

1st Lieutenant W. A. Glassford, Signal Corps, sets forth in Ap-
pendix No. 7 the extremely valuable work done under bhis direction
in the Data Division.  Nearly two hundred thousand separate reports
have beén received, examined, and disposed of during the year. The
extraordinary fidelity and aceuracy of the enlisted observers are illus-
trated by the fact that only twenty-four monthly reports have DLeen
forwarded late, and that the average number of errors of the 311 observ-
ers is but one in 7,411 entries. One-tenth of the entive force in the six
mouths ending December 31, 1890, averaged less than one error a
month, that is, in over twenty thousand entries and computations.
As the officer in charge of this division says, this accuracy will compare
most favorably with the efticiency of any other branch of the publie
service.

The demand for meteorological data has steadily increased. In ad-
dition to the data furnished in oflice publications, there have been fur-
nished special data in 885 instances, of which 181 have been used as
evidence in law cases.

Among other valuable compilations of meteorological data prepared
in this division may be mentioned howrly wind travel at brineipal sta-
tions, 1881-1890 ; excessive precipitation, for month, day, and hour at all
stations frem establishment to 1890; tabulation of all temperature and
rainfall data for Texas; charts of normal temperature for Michigan for
each month in the year; charts of normal temperature at 8 a. . and
p. m. for the United States for cach decade in the year; charts for the
United States of the absolute maximums and minimums in each decade
.and also for the year; charts of average cloudiness for the United States
for each month of the year; charts for each month, showing for the
United States the probability of rain as deduced from eighteen years’
observations ; charts of most frequent wind directions and average
hourly velocities at 63 representative stations at 8 a. m. and 8 p. m.;
highest and lowest average velocities and hour of occurrence; average
number of high winds for each month at the principal stations on the
Great Lakes; charts showing for the United States the isobars and
isotherms and prevailing wind for each month from January, 1871 to
1873, inclusive; tables indicating dinrnal iluctuations of temperature
for cach hour and month at selected stations; tables showing the
diurnal fluctuations of pressure of the atmosphere for cach hour of the
day and month of the year at selected stations; charts exhibiting the .
normal temperature of the United States for each month of the year;
charts and tables showing all the temperature and rainfall observa-
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tions for California, Nevada, Utah, Colorado, Arizona, and New
Mexico, together with data bearing on the subjeet of wrigation, sun-
shine (hom‘s of), and other climatic data bearing on the subject of irri-
gation; and an index of all meteorological observations ever made in
the United States.

It is apparent from this list that an immense amount of climatic datu
has been put into a permancut and accessible form during the past
year. Such anumberof publications have been rendered possible only
by the systematic arrangement of meteorological data during the past
fonr years, whereby over three hundred and fifty thousand scattered
and inaccessible forms have not only been acenmulated in part from the
Smithsonian Institution and from the Surgeon General’s Office, but
such reports have been arranged, bound, and indexed, so that any re-
port is instautly accessible. This enormous task bas been completed
only within the year, and its completion and subsequent compilations
have Leen possible only by Licutenant Glassford’s active and intelli-'
gent action, and especially by the assiduous attention and unrenitting
labor of Mr. A. J. Henry, chicf clerk of the Data Division, whose appli-

cation in this direction h.ls becen so great as to cause the Chief Signal
Ofticer at times to urge upon him a relaxation in his unceasing efforts.

Lientenant Glassford adds to his report a valuable snmmary of the
development and growth of mefeorology in the United States. No
officer of the Avmy can read this report without a feeling of pride that
the Army of the United States has supplemented its special duty of
garrisoning and defending the broad confines of our great country by
active and successful cfforts to outline the great possibilities of the
country at large, by determining with accuracy its favorable climatic
characteristics.  The labors of the ofticers of the Medical Department,
initiated Ly Surgeon General Lovell, have not been lost, but must
be recognized as the very foundation of climatology in the United
States, and in earrying out the recommendation of Captain (afterward
General) George G. Meade, his professional brethren in the Corps
of Engincers laid the countr v under obligations for valnable physical
data pertaining to the meteorotogy of the Lake region and the valley
of the Mississippi. The work of the Signal Corps can not be spoken of
with the same {reedom, but the Chief Signal Officer has elsewhere (in
his farewell to the men of the Weather Bureau, Appendix No. 8) '
said: “The Chief Signal Officer knows and fully appreciates the as-
siduous and invaluable co-operation of the officers of the Army, whose
labors in organizing, devcloping, and operating the meteorological
work of this Service will never be adequately stated or generally recog-
nized. It is, however, a matter of record that the meteorological,
system devised by the officers of the United States Army has proved
to be the most succossful service in the world, has served as a working.
model and example for all other nations, while its unique exbibits have
elicited unparalleled commendation. The records of the officers who
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bave participated in the work of this Service for any prolonged period
show the native ability and special adaptability of Army officers ordered
to scientific duty, for which they had not been educated and which
more than one accepted with reluctance.”

The strenuous efforts of the present Chief Signal Officer to foster and
encourage the intelligent and valuable co-operation of the voluntary
observers and of other branehes of the public service have been con-
tinued with notable results. At the establishment of Lhemcteorological
branch of the Signal Corps there were no less than four hundred and
ninety-two voluntary observers reporting to the Smithsonian Instity-
tion, and one hundred and two reports received from post surgeous of
the Army. Through lack of encouragement these reports by July, 1880,
ten years after the organization of the Weather Service, had decreased
one-half, there being two hundred and forty-five voluntary reports, and
sixty-five from post hospitals. These conditions remained practically
uuchanged in July, 1887, despite the creation at very considerable
expense to the National Service of no less than 18 so-called state
weather services. At that date there were received 205 voluntary
reports, 23 from state weather services, and 60 from the Medieq]
Department of the Army.

Four years of carnest, well-directed el}'ort, from 1887 to 1891, have
produced astonishing results. The reports from post surgeons have
increased from 60 to 112 through the hearty co-operation of the office
staff of the Surgecon Genceral, while the growth of the voluntary 8ys-
tem has simply been phenomenal, from 318 to 1,916 in four years. The
anuual decrease of about 4 per cent. for the seventeen years, 1870-
1887, has changed to an average annual increase of 150 per cent, Ip
addition to the credit due the record officers in promoting this growth,
acknowledgment should also be made to Mr. George A. Warren;
through whose well-directed and assiduous efforts the trans-Mississippi
region is now covered with numerous voluntary obser\'el's, whose
geographical distribution Is most satisfactory. While the liberally
equipped stations of the Signal Corps must always be looked to for’
exhaustive and vavied observations, yet it should be borne in mind
that owing to their number, distribution, and sitnation the country
must very largely depend on the voluntary observers for data covering
the most important elements of climate, the means and extremes of
temperature, the amount and frequency of rainfall, and the occurrence
of damaging frosts. This fact was strikingly exemplified in connec-
tion with the compilation and publication of the valuable maps show-
ing the average dates of the first and last frosts throughout the Unite(
States. If thedata from the Signal Service stations had been used as
a basis, the results would have been erroneous and misleading. Tt
was necessary to depend entirely on the reports of voluntary observers,
located apart from the great towns and cities.

The policy pursued by the present Chief Signal Officer towards vol-
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untary observers has been to recognize as far as possible the im-

portant contributions to knowledge made Ly these devoted and self
sacrificing students of scicnce. Except as regards pay, which Con-

gress declined to grant, these observers have been placed on the same .
footing as the regular paid observers. The monthly forms have been

regularly acknowledged and carefully examined for errors and inac-

curacies. Defeets or errors have been courteously brought to the atten-

tion of the observer, with suitable suggestions for the future, while

special reports of value have been commended and euncouraged. The

substance of all voluntary data has been published regularly, with

official recoguition of the observer who has coutributed. In speeial

cases of long or important records of temperature or rainfall complete

tables have been published.

The propriety of reciprocity on the part of the United States towards
the sacrificing voluntary observer has been obvious to the Chief Signal
Ofticer, who has regularly furnished, as the only possible means of ac-
kuowledging their services, the regular publieations of the Signal
Corps and such other publications as he has bLeen able to obtain for
them. ILxperience, however, has shown the necessity of caution in
the issue of instruments to persous offering to make voluntary obser-
vatious, since many apply to Signal Service observers for instruments
and then utterly fail to render reports.

INSTRUMENT DIVISION.

The control and maiutenance of instruments and methods to insure
accuracy and correctness of observations made therefrom has remained
in charge of Assistant Professor Charles F. Marvin, whose valuable
report forms Appendix No. 10.

During the year the self-registering instruments at the central
office have been entirely rearranged, new methods of testing instru-
ments and of securing unitform results devised, while work of investi-
gation of the highest scientific importance to the Weather Bureau has
progressed to satisfactory and important conclusions.

The advantages of a card system for quick and easy reference has
led to its application to a complete record of the issue and distribution
of the very large number of meteorological iustruments of various kinds
now in the hands of the numerous corps of observers of this Service.
Bach instrument of a kind has its individual number, and is represented
by daplicate cards giving salient characteristics of the instrument and
blank space for a brief statement as to its present location, date ot issue,
ete, One series of cards, the index series, is classified by instraments
and arranged in numerical sequence. Each card shows the place at
which the individnal instrument may be found. The duplicate cards are
classified by stations and show in every instance just what instrumnents
are at any particular station, how long they have been there, ete.
Changes in the location of instruments are always accompanied by
corresponding changes in the cards.
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The prime importance and necessity in a meteorological service such
as this of the United States of a high and uniforn standard of excel-
lence in the instrumental equipment of its stations is doubtless second
only to the necessity for a skilled and uniformly able corps of observers.
During the early part of the growth of the Service, owing to its large
stretch of territory and numerous stations, it was not possible, except
by very great expenditure, to at once equip so extended a Service with
more than the most essential instruments and accessories. Within the
past few years, however, the standard of equipment has been very
greatly improved, not only as regards the issuo of many new and im-
proved instruments and appliances, but as well by the continued efforts
to bring abont the greatest uniformity both in the instruments them-
selves and their mounting and exposure. Every effort has been made
to raise stations fromn second to first order in snch numbers as to insure
for future study and reference accurate and continuous meteorological
data at a suflicient number of points to clearly outline the general
climatie conditions of the country.

A preliminary trial of the feasibility of introducing certain new forms
of instruments for recording temperature and pressure, wind-direction
and rainfall, was made in 1888-789. TLis was in general so satisfactory
that, starting with the issue in 1888 of forty thermographs and ﬁv.e
barographs, the Service has now in operation eighty-five thermographs
fifty-three barographs, twenty sunshine recorders, thirty-five tripl(;
registers (wind-direction and velocity and rainfall), twenty-two double
registers (wind-direction and velocity), and forty-one seclf-recording
rain gauges.

The more detailed history of the introduction of these instruments
and their distribution, is given in the tables and report of the Iustru3
ment Division.

While the Intcrnat-.xonul Metecrological Congress has in its various
meetings urged the importaunece of first-order stations, yet that body
has not clearly defined the kind and minimum nunber of self-reoister-
ing instruments necessary to constitute the equipment of ac first-
order station. In some European services, stations recording onl ythe
velocity of the wind are rated as of the first order; this standard is un:
doubtedly too low. All second-order stations of this Service have re-
corded wind velocity for many years, and might by the above standard
be classified as of the first order, whereas the greater number of the so-
called first-order stations of the United States Signal Service are, it
is believed, equaled only by the best-equipped observatories of t7he
Kuropean services.

in this question it may be said that, Ly general understanding, sta-
tions of the first order should atleast comprise all those where the more
tmportant meteorological phenomena are continuously recorded by self:
registering instruments.

The following self-registering instruwents are in use in the Signal
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Service—Yor recording temperature: maximum and minimum ther-
mometers, wherelrom the highest and lowest temperature of the airare
recorded (in use at all stations); thermographs, whereby are registered
continuously the temperature of the aiv (in certain special thermo-
graphs, these registrations are effected by meansof electricity at a con-
siderable distance from the exposed thermometer). Atmospheric pres-
sure: baregraphs, wherefrom are recorded continuouns curves of the
pressure.  Wind: anemometer registers, whereon is registered by sepa-

-rately recorded miles the veloeity of the wind; anemoscopic registers,

whereby the direction of thoe wind is recorded either continuously for
every mile of wind, or preferably for every five minutes of time. Rain-
fall: instruments whereby the rapidity of precipitation is shown in cases
where the amount of any one hour exceeds one-twentieth of an inch (on
most Signal Service registers the rainfall is recorded on the same sheet
with the dircction and velocity of the wind). Sunshine registers,
whereby the amount of sunshine is simultaneously recorded by means
of photography. . '

It is thus possible for a station to have two gelf-recording thiemome-
ters, a. thermograph, a barograph, an anecmometer register, a wind-
direction register, n sunshine recorder, and o register of the rapidity
of the rainfall. Neither local interests nor the general work of the
Service will ever require that these eight self-recording instruments
should Le at every station in the country, but rather that they should
be distributed in different sections of the country, having reference to
the importance of the respective meteorological plienomena which
they record.

In making his office classification, the Chief Signal Officer considers
that any station having out of these eight possible instrnments five, of
which one is eithier a barograph or o thermograph, should be considered
% station of the first order. Under such construction there were 51
first-class meteorological stations in operation in the United States on
June 30, 1891.

LEXPERIMENTAL STUDIES.

In addition to the important routine dnties devolving on him, Pro-
fessor Marvin has applied himself with great zeal, and with even
greater skill and ability, to experimental studies which have an im-
portaut bearing on metcorological methods and instruments. The
Chief Signal Officer believes that DProfessor Marvin in his investiga-
tions of wind pressure has exhibited such skill as an investigator as
especially redounds to tho credit of the Bureau with which he bas
rendered such eflicient service.

The investigations eommenced over a year ago upon the pressure of
aqueous vapor at low femperatures, and referred to in the last anoual -
report, page 33, were postponed during the summer while anemometer
aud wind pressure experiments were made by Professor Marvin at
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- Mount Washington. When resumed later in the year, his first efforts
were directed towards devising means and apparatus for producing and
maintaining the desived artificial low temperatures. Previous experi-
ments with such refrigerating liquids as carbonic acid or nitrous oxide
had shown them to be exceedingly troublesome, of uucertain effect,
and expensive, while liquid anhydrous ammonia, by the method then
in use for the comparison of thermometers, could not be made to pro-
duce a temperature lower than —25° Falir. :

The compact, simple, and highly efficient ammonia apparatus devised
by Professor Marvin and fully described in the inclosure to his report,
Appendix No. 10, is of itself a valuable plysical appliance, and will
doubtless prove useful in many physical investigations. By its use,
charged with a few pounds of anhydrous ammonia, and aided only by
a small hand pump, a large bath of alcohol can be lowered in tempera-
ture to 80° or more below zero, I'ahrenheit, with the temperature under
perfect control at all times. The apparatus is now regularly used at
this office in the comparison of thermometers at low temperatures.

Pending the development of the low-temperature apparatus and its
manufacture, Professor Marvin was also engaged upon the develop-
ment and preparation of a normal barometer, While the Chief Signal
Officer has long recognized the importance of cstablishing and preserv-
ing the Signal Service standard of barometric pressure, by means of
instruments of superior construction and unquestioned accuracy, yet
action in this respect has scarcely been practicable heretofore, owing
to imperative needs in other directions. So much has already been
done by eminent scientists towards the perfection of normal barome-
ters, that these instruments are now constructed most satisfactorily,
leaving little opportanity for mechanical improvement.

/The form arranged by Professor Marvin, as described and figured
in the inclosure to his report, Appeudix No. 10, seeks to combine in the
Signal Service standard the excellent points of all the best normals,
with a due regard for convenience in use and the most favorable con-
ditions possible for exhaust:on and filling. The elaborate care, extend-
ing to the minutest details, observed in the preparation and filling of
the barometer tube, is believed to have produced very superior results.
The progress of the coustruction of the normal barometer was suspended
in order toresume and complete the observations upon vapor pressures,
and was subsequently further interrupted by the reconstruction of de-
fective and insecure piers for the instrumeuts, and also by the laying of
tile flooring in the standard and laboratory room. Only a few compari-
sons of the office standard barometer (Adie No. 1,526) and the normal
have thus far beenmade. The normal in this case read lower by 1.70™m
than No. 1,526. The probable cause of this difference has not yet been
fully ascertained or investigated.

Professor Marvin’s report upon the maximuur pressure of the aque-
ous vapor at low temperatures (Appendix No. 10, inclosure) gives in
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detail the results of this extremely difficult investigation. Table
III presents in condensed form the final results of all the obser-
vations below the freezing point, and, by the way of comparison, gives
the difference between his values and those of Broch’s tables and also
those of Regnault’s direct observations. The agreement between these
latter over the less extended range of temperature of Regnault’s ex-
periments is, in the main, so much closer than that between Broch’s
table and the observations from which it is computed, as to not only
establish the accuracy of the observations, but to show the necessity of
a new tabular reduction.

The somewhat novel method of interpolation, selected by Professor
Marvin when the usnal mathematical formulas were found to be so
inadequate, must commend itself to all for the accuracy and satisfac-
tory manner in which the table and the experiments harmonize.

Only a few observations of vapor pressure at temporatures above
390 Fahr. have been made by Professor Marvin, buf these also system-
atically differ from Regnault. During the coming year it is hoped that
under the auspices of Professor Harrington, Chief of the Weather
Bureau, this important work will be continued, and additional ex
amination made in order to determine the real extent and nature of
this difference at higher temperatures than have yet been employed.

The peculiar phenomena observed by Professor Marvin in respect to
the abnormal freezing of water, and corresponding differences in vapor
pressures, must have an important bearing upon the molecular theories
of gases and vapors.

Prof. Cleveland Abbe, the senior civilian assistant, was engaged for
about seven months in the application to special cases of his prepara-
tory studies for forecasting storms, but when relieved from this duty
the work of investigation was not in such condition as to enable it to
be practically applied, so thatits value is as yot undetermined.

In order to facilitate the extension and application of the work of
the Weather Bureau to agriculture, Professor Abbe, for the last four
months of the fiscal year, was directed to apply his entire energies
and attention to a compilation of the most important results arising
from investigations in meteorology relative to animal and vegetable
life. His report, under the title of “The Relation between Climate
and Crops,” is a summary of the present state of knowledge on this
important topic; however, as the report did not have reference to the
current work of the War Department, it was transmitted at the end
of June to the Honorable Sceretary of Agricnlture, with the recom-’
mendation that it be published by that Department. '

Professor Hazen made a brief but interesting report on ¢ Methods of
Weather Forecasting,”” Appendix 3, part 11.

LIBRARY.

Under the intelligent supervision and zealous applieation of M.
Oliver L. Fassig, whose report forms Appendix No. 11, the professional
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library of the Signal Service has been finally brought into such con.
dition that the valuable books which comprise it arce readily accessible
to all interested. The policy has been continued of purchasing striotly
professional books, and, owing to thelack of sufficient funds, only those
are purchased which cannot be obtained by exchange, or are not easily
accessible in other professional libraries of Washington. While the
Signal Service library does not contain as many meteorological publi-
|eations as the British Museum, the Bibliotheque Nationale of Paris, or
the Library of Congress, yet apart {from these three national librarie%"
there is no other which contains as many publications on meteorolog§s
as the library of this office. Tho very liberal contingent fund for thic
next fiscal year insures suitable additions. Tt is safe to state, that
even now very nearly one-half of all published meteorological books
and memoirs are to be found in it, and the system of indexing is so
complete and satisfactory that tho scientific data contained in tlese
volumes are readily available.

The great interest in bis library dutics shown by Mr, Tassig hag
beeu exemplified not only by his work during office hours, but by the
devotion of his private time to the matter, and by his. sacrifice of a
portion of his vacation in order to attend at his own expense a meeting
of the American Librarians, an expense which should have devolved
upon this office had the sub-appropriation permitted.

The Chief Signal Officer has endeavored to extend the usefulness of
the library beyond the force cmployed in the central bm'eau, and to
this end has not only issued the professional books to the regular ob-
servers of the Signal Service wherever stationed, but has also loaned
them under proper restrictions to all meteorologists or other interested
persons who have made application therefor. 1t is gratifying to know
that not a single volume has Deen lost through this liberal extension
of the library privilege.

In addition to the usual office work Mr. Iassig has continued the
General Bibliography of Meteorology, supplementing it by . titles of
meteorological works and articles which have appeared within the
past eight years. Over sixty thousand (60,000) titles are contained in
the present card catalogues, arranged in alarge number of classes and
perfected by a complete authors index.

The Chief Signal Officer has continued his efforts to put this bibliog-
raphy in such shape that it may be avaliable fo students of the great
universities and also by leading meteorological ‘bureaus of the world.,
As it became necessary to expend some three thousand dollars of the
printing fund in binding accumulated meteorological data pertain.-
ing to the Service, it was impossible to apply any part of the regular
printing appropriation to the publicatton of this bibliography, but ne
such demand will fall on the Burean during the coming year, and as
the printing appropriation has been practically increased a thousand
dollars by the separation of the eivil and military work, it is hoped
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that this bibliography will appear in printed form during the next few
years, and thus accomplish a duty to co-operating scientists, Even
under adverse conditions the Chief Signal Officer has beer able to
reproduce a considerable number of copies by means of the typewriter
and the adoption of duplicating methods devised by the clerical force
in the office. By these and similar meaus the following four parts
have been reproduced and distributed to co-operating observers, chiefs
of important weather bureaus, and to the most important libraries of
tlie United States: h .

Part I—Temperature; 4,400 titles. Part II—Moisture; 5,600 titles.
Part III—Wind ; 2,000 titles. Part IV—Storms; 4,300 titles.

These four parts cover subjects which arc most gonerally in demand,
and it is gratifying to note that about one-fourth of all the titles in the
general bibliography have been thus duplicated and rendered availa-
ble for general use.

The special bibliographical report of Mr. TFassig indicates the intel-
lectual activity of the officials of the Signal Service in the past.

SUPPLY AND MISCELLANEOUS DIVISION.

The disbursements for purchases and for services rendered in con-
nection with the Signal Servicoe have been most faithfully and efficiently
made by Captain Robert Craig, A. Q. M., whose report forms Appen-
‘dix No.12. Tho intimate knowledge of the details of this Service'pos-
gessed by Captain Craig has tended to decrease the heavy burden of
care and responsibility which would have inevitably devolved upon the
Chief Signal Officer had the duty fallen to a disbursing officer un-
familiar with the special work of the Service.

In Captain Craig’s report will be found the list of contracts made
during the fiscal year, submitted in accordance with the act of Con-
gross approved April 21,1808; also the conditions of the appropriations,

" with exponditures, balances, and probable demands, as required by the
act of Congress approved May 20, 1820.

There have been deposited in the Treasury, as required by law, -
$31.25 received from tho sale of 37 miles of abandoned telegraph lines;
tho sum of $326.77 on account of dondemned property sold at public
auction ; and also the sum of $359.86 received {rom the sales of publi-
cations, under the act approved May 30, 1374 (Section 227, Revised
Statutes), which latter suin accrued to the credit of the appropriation
for ¢ Observation and report of storms.”

" The money accounts of the Disbursing Officer have been ouce in-
spected, and the balance verified Ly an officer of the Inspector Gen-
eral’s Department, during the fiscal year.

The satisfactory state and prompt sottlement of the money affairs of

_this Service is illustrated by the fact that out of 9,638 accounts, grow-
ing out of the various appropriations during the year, there remained
on June 30, 1891, no accounts unsettled in the office of the Chief Sig-
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nal Officer, excluding forty-one bills of the Western Union Telegraph
Company, which are in dispute as regards the rates fixed by the
Postmaster-General.

This unusual condition of an office, in which the creditors of the
Government had their accounts adjusted and settled immediately on
receipt, was due to the assiduous application and business-like meth-
ods of Captain Craig, supplemented by the detailed knowledge, extra-
ordinary energy, and close application of Mr. William R. Bushby, his
chief clerk. )

On July 1, 1889, as stated in my annual report for the fiscal year
ending June 30, 1890, page 28, an important reform went into opera-
tion, under a provision in the appropriation act approved March 2,
1889, whereby it was directed that the pay and allowances of the en-
listed men of the Signal Corps be disbursed in one check by the Dis-
bursing Officer of this Bureau. This legislation corrected the business
evil which for so many years prevailed, whereby each man in the Sig-
nal Corps received his monthly pay in three different checks based on
three sets of different vouchers and paid Ly three different officers and
at different times of the month, a method which enormously increased
the labor and records, and often delayed the final payments for weeks
after the mounth ended. The new method reduces the labor and rec-
ords by 80 per cent. and insures to all subordinates prompt and imme-
diate payment, a consideration of especial importance to men of small
salaries. The new system has continued to work to the utmost satis.
faction, and the monthly compénsation of the enlisted men has been
mailed to them on the very day when the pay was due. Payments to
all men in the Signal Corps, whether serving in Arizona or New York,
are made by check, and, as indicating the certaiuty of the method, it
should be mentioned .that in the past year 3,540 checks-have been
mailed to men of the Corps, and only 4 checks miscarried.

The introduction of the card system of letters received referred to in
my last annual report, page 28, has been continued during the past
year, and with good results.

ESTIMATES.

On September 15, 1890, estimates for appropriations for the fiseal
year ending June 30, 1892, were submitted to the Ionorable Secretary
of War, but subsequent legislation, the act of Congress to increase the
efficiency and reduce the cxpenses of the Signal Corps of the Army,
and’to transfer the Weather Service to the Department of Agriculture,
approved on October 1, 1890, required the revision of tho estimates
submitted. In Captain Robert Craig’s reportis set forth, in detail, the
reduction during the past six years in the appropriations for the main-
tenance of the Service in all its branches. The aggregate amount of
money appropriated in both the regular and deficieney bills, inclnding
all accounts and claims allowed by the accounting officers of the
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Treasury Department, is as follows: Fiscal year ending June 30, 1886,
$939,705.72; 1887, $913,081.23; 1888, 8013,670.27; 1889, 8856,995.38;
- 1890, $821,105.21; 1891, 8815,655.19.

This shows a total reduction in annual expenditures of $174,050.53
in the past five years. Among the larger itpms of savings may be
noted, $30,000 through the reorganization of the business methods of
the central office, thus making possible a corresponding reduction in
the force employed ; about 849,000 through the invention of the Chief
Signal Officer personally of a new telegraphic weather code, and over
$18,000 in transportation. 1t should also be set forth that a reduction
of 87,500 in rent occurred throngh the purchase of the present building
and grounds under an act of Congress, which eliminated the item
of rent for future years.

The separation of the two branches of the Sighal Service resulted in
the transfor of the estimates for the strictly military establishment to
the Army appropriation bill, which, since 1883, has been charged with -
the military expenses of the Signal Corps of the Army, as follows: Pay
and allowances for oflicers-of the Signal Corps, and the authorized en-
listed force of 50 sergeants, $92,500; signal aud telegraphic expenses,
®22,500; ofticers salaries, $5,700; public printing, 81,500; office
stationery, $275; coutingent exponses, $575. Aggregating £125,050.
In addition, it became necessary to vent for $2,000 quarters for the'
Signal Corps sufficient to accommodate the oflice force and a general
supply depot.

At the request of the Honorable Secrefary of Agriculture the Chiefl
Signal Officer prepared the estimates wherein was incorporated the
present civilian organization of the Weather Burean. These estimates
commended themselves to the Seceratary of Agriculture, and were ap-
proved by him, with certain additional sums intended to carry out the
act.of Congress approved October 1, 1890, tor the extension of the
Service in the interest of agriculture. They also commended them-
selves to the Appropriation Committees of Cougress, and, with a very
slight reduction, were voted in the appropriation bill for the coming
fiscal year. These estimates can be found in detail in the “Book of
Iistimates,’” and the resulting sums voted appear in the ‘¢ Digest of
Appropriations.” 4

An increase of over 18 per cent. over the Weather Bureau appro-
priations for the present fiscal year was obtained, there being an ac-
tual increase of over 9 per cent. in the appropriation bill itself, while
there was 2 gain in the Weather Bureau of about 10 per cent. more
by the transfer to the Army appropriation Vill of the charges for the
support and maintenance of the Signal Corps, military telegraph lines,
and the office force of the Chief Signal Officer. This marked liberality
of Congress insures the future extension of the Weather Burcau to new
and broader fields of useftluess. ’

While the transfer of the Weather Burean to the Department of
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Agriculﬁure took place on July 1, 1801, yet it appears proper to touch
on this subject in this report vather than to delay a year. As the dele-
gated representative of the Secretary of War, the Chief Signal Officer
transterred the Weather Buarean to the Secretary of Agriculture and his
subordinate, the Chief pf the Weather Bureau, on the morning of July
1st. Atthat time the entire force had been paid to include June 30, and
all accounts and bills in the office had been adjusted and paid so that
there were no arrears of public business of any character.

It is a source of gratification to the Chicf Signal Oflicer that his
methods of Dusiness were such that to this time, more than three
mohths after the transfer, they are continued without modification of
any importance. Three officers of the Army remain on duty, and no
change has been made in the forecasting foree or methods. 1t is in-
teresting that as the first predicting official {Professor Abbe) detailed
by the Chief Signal Officer was a civilian, so the first predicting of-
ficial formally detailed by the Chief of the Weather Bureau was an

Army officer, Licutenant Glassford.
A. W. GREELY,

CLief Signal Officer.
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APPENDIX L

REPORT OF THE OFFICER IN CHARGE OF THE DIVISION OF MILITARY

SIGNALING.

S1GNAL OFFICE, WAR DEPARTMENT,
Washington, D. C., July 31, 1801,

S : I have the honor to submit the following report of affairs pertaining to the

division of military signaling for the year ending June

30, 1801,

The rocord shows that more attention has been given to signaling in the Army the

past year than in any other like period of time since the w

ar. 'Two hundred and nive-

teen officers and 2,607 enlisted men have received instruction, of whowmn 146 and 909,
respectively, are reported prolicient in the use of the ordinary equipments.
The following statemont sets forth in detail the number instructed in each regi-

ment :

INSTRUCTION AND PRACTICE IN SIGNALING AT MiLiTary

POsTS FOR THE YEAR

1890-"91.
¢ | ! Reported pro-
Instructed. I ficiont

I . .

‘,Omcers. Lg::‘r:ltul |Oﬁicers.i 1“11:}(':;6‘1

: STR .
Pirgt CAVAITY cecece comennaanemcaassscsasanns 5 60 ‘ 4 16
Second Cavalry 1 T e eaes 28
Third Cavalry coeaceceeeee oon 9 43 i 4 13
Fourth Cavalry . 9 55 3 18
Fifth Cavally ceeeeeernmreoametascomamnnns ; G 137 | 4 48
Bixth Cavally  ceacer comneimccneimnamaaaens 1 12 | 1 5
Soventh Cavalry «oeeeivrmnmaeiocontcomnaans’ 7 IRLN 6 87
Eighth Cavalry o occvviiemeaammaaieaeens i 7 48 | 4 11,
Ninth CAVAIIYe eseveaanoaeerseonimaeanneocens 4 61 ¢ 2 31
Tenth Cavalry cocceriavaneeaecasannns O Poree e '| DY s 18

‘ | .

v GG 23 275
First ATEILIOTY - «ou vernoeme cmeenamnnn snnsonse | 15 | w1 5a
Second Artillery. cocevaeeaeaeacoeioenaacannns 1 61 . 4 10
TRITd ATULIOUY - e on veecmeeee cacmeanaaesomes ! 3 G2 ! 13 23
Fourth Artillery.coveaeiccccenanne. PR ! 9 e 6 15
Fifth Artillery w..eeeeone RO | 14 240 | 9 76

| 62 579 | 43 181

‘ — | e e

Yirst Infantry. ... eeenae 02 |oeennnns 16
Sccond Infantry O 17 | 4 §iicacacnen
"Third Infantry . 9 55 ‘ G 25
Fourth Infantry....... R P 45 |eeecennn 2
Fifth INfantry.. o ceeeceomes sane reresmmcsssess 2 38 ‘ 1 15
Sixth Infantry cceeveen-s tesmesneene Cemecanns 1 L] 3 34
Seventh Infantry....-... ceammeacamonasss —eee| ., 8 45 1, 21
Lighth Infantry....cooeeeeacmasemmoneonnnsnns 2 33 1 11
Ninth Infantry ...... eeecenmeomn s aaones leeecanns 27 I ....... i 9
Tenth Infantry ccceemeecacacevean- cereesacas 1 $2 ... 9
LElevonth Infantry. caee-eee -cns 5 as | 5 16
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INSTRUCTION AND FRACTICE IN SIGNATING AT MILITARY PosTts ronr Tar YEAR
1800-"91—Continued.

Instructed. Reported pro-
-ficient,
- i
e | 1onlisted .| Enlisted
i<)mcus. mer. ‘Oﬁwels. men.
Twelfth Infantry.. coceeees caveserncanannens O 46 2 20
Thirteenth Infantry ............. R cenen 143 5 60
Fourteenth Infantry. ..o.oooouuuoeezonnnecnns 9 (N R 5
Fifteenth Infantry .......ceeee.... L ORTOP 4 60 4 15
Sixteenth INfantry ...ooueeooeoummescmmeenne 3 32 3 29
Seventeenth Infantry....o.oiceencann R 2 72 1 52
Eighteenth Infantry. ... .covcecaesacmeeess 3 31 3 1
. Nineteonth INFAntry. .cceeeueeevees cmmnme-ons 8 a6 5 39
Twentieth Infantry .. coe.ceveeeecansceneamss 8 16 7 20
Twonty-first INfANtry .cooccammnecamnmnconn-e Lereasae 20 1. 12
Twenty-second Infantry ccoocceeevmmecemavess 10 73 10 1
Twenty-third Infantry ....eo.coceeoemeos-o=- ‘ 4 55 3 19
Twenty-fourth Infantry ......ooceanenereees ) 4 35 3 15
Twenty-fifth Infantry ©...ocenecmneemcnneonss 6 49 f 1
08| 1,382 7| 453
Total ceceeeeceacaecans e vecmascaas sens 219 l 2,607 { 146 5_' 909
e e+ i ¢ A S 8T T = _ : m—— v ;
NuMBER or MEN INSTRUCTED SIHOWN BY DEPARTMENTS,
ATIZONL + e ese eemmm s e A s e etaE e icieiisiieeiaee e . a3
CAlOTNIR oeccneeane cone e cnsnmnanenomsssn wmees e R LR R R 296
Columbi coovenmmaccavnmmeccommac e cane R LT T T TINPOPION 108
TIAKOID = cve e amemesaacssnmmmsaemencaamecasee et et aaaa, cteeseeenenas 308
East....... Ceceann 657
Missonri coeeaene e . . 542
Platho coeeveomccrsonsceecnmoceonnccssone 296
Texas coveeecens 167

Prr CENT o1 ENLISTED MEN INSTRUCTED.

* Departmont of — .

B e e e e e e oo ee e 112
ClifOINIf veuesamcoe aceeaanns B ceeeccet ittt ceiaaan bt rereceiaeas . 6.9
Columbid. ceeemeeacecanaroiaciocaascecoaraea, ceeceeiaan L. eee 8.3
IIAKOE® ccce ceccecsemmos cotareeaceceeeceet ctteee i et raaaaan ... 11
) DX A R R T R AT T L PR PP Sy s . 16.6
MiSSOUT eevenr cacsaemerevmmeanmecieaaivmearaencencccceoeenosnasanansseas 10,4
Platto coccvecceenvaacceeienaannaas iiatctcteitncsicnnscnensnnarsonsanss oD
TeXA8eeee ccnw e Cieeenenuen ceoneamtaanann 0.4

AVEIAZO ooveeeacencstoanossosanencasinnsosnnes fe e terecaneae cmenoaan 13,9

The chief valuo of this exhibit lies in its snlstantiation of the opinion often (\‘x~
pressed that the Army, if it will, can_casily attend to its own signuling, Undonbt-
edly it can if necessity require, and under presont regulations a large Lody will
always be available from which to select material in emergency. But it will not do
to go too far in dependence upon men trained at arms to give their Lest service to
signaling at the moment of actual cugagement. During the Indian operations in
Dakoto the past winter an olIi(;(:r of the corps was detached from his post for field
dniy as signal officer. The oxigencies wero such that a signal detachment was pro-
vided from the mounted troops at tbe front. and rendered good service in maintaining
communication between the defached commands, and was reported as having given
valuablo assistance in forwarding supplies, but whon the test came in the affair
at the Mission the men of this detachment, leaving their signaling equipments be-
hind, joinéd their troops and took part with them in action, in which one of the
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detacliment was killed and one wounded. It is evident that wen trained and expert
in signaling must alone be deponded upon for maintaining communication during
action ; that is, the Bignal Corps must depend upon itself. Now that tle burden of
the Weather Bureau has beon taken from it, and a suitable organization givon to the
corps, there is no chance for doubt as to the excellence of the signal work which the
future will show. What it has done, and will again be eapable of doing, and eveun
excelling, may be inforred from the following oxtracts from communications of promis
uont commaunders.

Brig. Gen. Wesley Merritt: I have noticed with considerable intorest, while on
active service with the cavalry, the working of the officors of the Signal Corps
with whom I have been thrown. The means they now have of communicating with
frionds and of deotecting and reporting as to the enowmy, coupled with the energy and
enterprise of all the ofticors of the Signal Corps with whom I liave boen thrown,have
made the organization invalnable to the cavalry service, Iispecially is this so when,
a8 i ofton the case, we are separated by miles from the general headquarters with®no
other safe or rapid means of communication.”

Brig. Gen. John Buford: **I have taken occasion to notice the practical work-
ing of the Signal Corps, U. 8. Army, in the field and regard it as a valuable anxiliary
to an army. With the aid of their powerful glasses, acting as both scouts and ob-
servers, the officers who have acted with me have rendered invaluable sorvice when
no other means could have availed.” .

Brig. Gen. George A. Custer: ““Since I have become acqnainted with the Sig-
nal Corps of this army, the information of the enemy obtained through its officers,
and tho rapid method they have of transmitting intclligence by flag signals, hias con-
vinced me of the great value of this branch of the service during military operations
in tho field. An army can have no better outpost from which to watch the move-
ments of an enemy than a signal station and with a practiced ofticer at such a posi-
tion no force can move without being dotected.” )

Brig. Gen. Judson Kilpatrick: ¢ ‘I'lie battle of Brownsboro was fought and won by
the aid of signals; every move of tho encmy was teen by the signal officers occupy-
in{: an elevated position, and quickly transmitted.”

Maj. Gen. Alfred Pleasonton: *‘In this corps there is a signal officer with each
division, and the frequent opportnnities in which their services have been brought
into requisition, in the transmission of important intelligence, when operating far
in advauce or on thoe flanks of the army, away from a cowion center and in places
where tho ordinary means of telographiug could not possibly be applied, convince
moe of their vory great utility, at least with this atny.”

Maj. Gen. George Sykes: “The Signal Corps las beon of great use to the army.’
During the battle of Gettysburg its services were highly important to me., At Mal-
vern, Chancelloraville, and other pluces, the intelligenco given and gained by it,
greatly affected the oporation of the army.”

Rear-Admiral S. I*. Dupont: It had been my intention Dbefore leaving Yort
Royal to express to you, through the commanding general, my high appreciation of
the labors of the Army Signal Corps in the Department of the South, so far as they
related to the tiaval force under my commmand. The system itself elisited the highest
commendation, and its adoption, ashore and afloat, beecame every day more atriking’
and valuable, I was first imnressed with its uperiority on our passage down with
the ‘ Expeditionary Corps,’ for it onabled me to keop up & roady communication
with the army trgnsports, and I am convinced that, but for directions which I gave
to several vessels, and which I could have transmitted only by these signals, on the
evo of the dangerous galo wo enconntored, we should have experienced sorious dis-
aster from collision.” .

Muaj. Gen. Wintield Scott Iancock: ‘At the o River, on the 10th of May, part of
my corps was engaged with the enemy on the south side, and communication with the
main army, at a distance of some 2 miles, was Kopt up by sighals, I remember ordering
up some artillery at a critical period, by signal, to cover the recrossing of the division
engaged on the south side, Aside from the constant duty perforuted by these officors
at posts of observation, they were serviceablo at the Toloptomy, Juno 3, in observing
the effect and directing thoe fire of our artillery, and occupied a vory exposed posi-
tion, . At the crossingof the James River they wore also used as a means of com-
munication. Oun both occasions when this corps was operating from Doep Bottom,
on the north side of tho James, the signal olltcers wero extremely useful in direeting-
the fire of the gunbonts and in observing the enemy’s movements.”

Maj. Gen. George B. McClellan: “The Signal Corps under Maj. Myer rendered,
during the operations at Antictam as well as South Monntain, and during the whole
movemonts of the Avmy, efiiciont and valuable service. Indeed, by the servicos here,
as on other ficlds olsowhore, this corps has gullantly earned its title to an independent
and permancnt organization. * * “ Infront of Washington, on tho lower Po-
tomac, and at any point within our lines not roachod by the military telegraph, the
great usofulnoess of this systom of signals was made manifest. Bat it wns not until
aftor tho arvival of the army upon tho pouniusule, and during tho siege and battles



'

40 REPORT OF THE CHIEF SIGNAL OFFICER,

of that and the Maryland eampaign, that the great benefits to be derived from it, on
the field and under fire, were fully appreciated. There was searcely an action or
skinnish in which the Signal Corps did not render important services, Often under
heavy fire of artillery, and mnot infrequently while exposed to the musketry, the
officers and men of this corps gave information of the movement of the onemy, and
transwmitted directions for the evolution of troops.” .

Muj. Gen. George . Thomas: ¢ During the pursuit of Bragg in Kentueky, in
the fall of 1862, severnl opportunities were offered for festing the usefulness of the
signal system, all of which not only established its practicability, but its usetulness.
The corps was organized in the fall of 1862, at Nash ville, and commenced operations
with more system than at any previous time. During the battle of Stone River the
ofticers of the corps with me were very efficient in conveying messages by flag. After
the Lattle, and while the enemy were encamped near Murfreeshoro, an” opportunity
was offered for thoroughly testing the usefulness of the system, and vesulted in the
cohclusion that a well appointed gignal corps was one of the cssential organizations
of a well appointed army. Stations weve established at Murfreesboro, Readyville,
Triune, Lavergue, and Franklin, Priune and Lavergne were both about 12 miles
from Murfreesboro ; Readyville about 8 and ¥ranklin about 14 miles from Triune.
Messages could be transmitted from one station to the other with the greatest celer-
ity, and frequently communication was held between licadquarters at Murfreesboro
aud the above-named statious by signals when there was no other means of commu-
nication but Ly sending a force to protect the messenger.  When Van Dorn attacked
Franklin, reénforcements were directed how to move to give the pgreatest assistance
to the garrison by message from Murfreesboro to Triune by signal. Repeated instances
of its great usefulness occurred at Murfreesboro ; alsoon the advance towards Bridge-
port, particularly at Hoover's Gap during the engagement at that place. Before
crossing the Tennessee daily information was received at headquarters of the opera-
tions of the different detachments of the army on phe north side of the river and in
the direction of Chattanooga through t]lo gignal lines.

“The Corps was also equally usotul after the army crossed the Tennessee, and un-
til the concentration at this place (Chattanooga) a{ter the battle of Chickamauga.
Since our arrival here the value of the system has time and again been more closely
demonstrated by the great amount of information of the movements of the enemy
obtained and transmitted to headquarters by its aid, which could not have possibly
been obtained Ly any other means in time to have been of use, : :

“‘During the recent battles here the oflicers of the corps rendered most valuable
services by observing and signaling information of overy movement of the enemy
within the range of their telescopes.”

Gen. W. T. Sherman: ¢ When the enemy had cut our wires and actually made
a lodgment on our railroad about Big Shapty, the signal officers on Vining’s Hill,
Kenesaw, and Alatoona sent my orders to General Corse, at Rome, wheroby General
Corse was onabled to reach Alatoona just in time to defend it. Had it not been for
the services of this corps on that occasion I am satisfied we should have lost the garri-
son at Alatoona and a most valnable depository of provisions there, which was worth
to us and the country more than the aggregate expense of the whole Signal Corps
for one year.”

The national guard of many States ]m'vc also shown interest in signaling matters
during the year, the number of communications received containing requests for in-
formation and material having greatly increased.

In view of the fact that army signal equipments and stores are made after patterns
in the Signal Office and as a rule specifications for such articles are not accessible to
outside persons, and as the_ng'tw[cs thgmselves whon ordered are made by sowe con-
tractor having special facilities for doing the worl, and are manufactnred in large
quantities, the prices paid forsuch articles by this service being generally much lower
than those at which they can bo bought by private parties, and as it is proper that
the national guard of the country should have the benafit of the contract prices at
which the Government secures such articles, the following 1ill was introduced during
the past session of Congress: r

¢ Provided, That from signal stores herein appropriated for, the Chief Signal Officer
on proper application in writing by the adjutant-general of any State, may sell to
such militia at coutract prices such signal equipments and stores, field glasses, tele-
scopey, leliographs, and other apparatus as may be necessary for instruction in mili-
tary signaling, the monoy received therefor, which shall revort to the appropriation
for the current ycar in which the sale may be made, must be ~duly accounted for as
other p;\blic money, and may be used in the purchase of like articles to replace thoso
so sold.”

Unfortunately the Lill failed of passage, doubtless from lack of time for considera-
tion, and it is still impracticable to fill therequisitions of the militia ; it is, however,
practicable to supply muaterial to the national guard encampments by the detail of
an officer of the Army, who shall be respousible for the equipmeonts and shall instruct

in their use. ‘
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At the academies and colleges to which Army officers have been assigned as mili-
tary instructors, requests for cquipments have greatly increased; the issuos, how-
ever, except in a few cases, have been confined to the simple ilag and torch equip-
ment.

Two hundred and seventy requisitions from military posts have been roceived and
acted npon during the year, and supplice furnished at an expense of $7,039.39. Asa
rule it has been necessary, due to insufliciency of stock and appropriation, to clip

andpare, and the issues represent but a fraction of the demand.

"The supplies on hand are very meager and it is essontial that still furthoer coutrac-
tions be wade in issnes to provide for countingoucies, or that the appropriation for
equipment bo considorably inereased. A completo outiit for tho signal detachinont
and troops in the field in the viciuity of Pine Ridgo Agency conld not be provided
from the supplics in the Department of Dakota, or from stock at this oftice, and it
was necessary to transfer instruments and material from another department, As a
means of remedying such a state of affairs in the future, and that the troops may at
all times be provided, it bas been recommended that each company, troop, and bat-
tery be furnished with & complete sot of cquipments, which should pertain to the
organization alone and be carried as company property, as in the case of ordnance
stores. Such desirable arrangement, howover, mnust necessarily be deferred until ap-
propriations are more ample, as it implies a very great increase of instruments and
material over the present post supplies.

During the year the abandonment of several posts and the concentration of trodps

at others lhas eased up somewhat by making stores at the abandoned points available
for transfer elsewhere.
_ Sigpaling with the heliograph isso attractive a method of communication, the range
is so great, and the results, when conditions are favorable, so clear and decided that
geuneral interest has been developed in the use of the instrument and, as noted in
previons reports, the most astonishing results have been obtained by our troops.

While the composition of the service instruweont in material respects is satisfuctory,
the se vere tests to which it has been put bave shown the need for changes in minor
particulars and for better workmanship than has yet been sccured under tho contract
system. To thisend the cobperation of the Ordnance Departwent Las been souglit
and through the courtesy of its chiof the next supply will be manufactured under
the supervision of the expert waster mechanic at the I'rankford Arsenal.

The legs of the now instrument will be moroe firmly assembled, with a better bond
betwoon the wood and metal. A more substantial bearing will be given the mirrors.
The cones will be more delicately adjusted to the sockets. Greater contact will be
given between tho base of the mirror frame and the top of the bar. A new method
of clamping the bar has been devised, and also of giving it aslow motion in azimuth,
A tangent screw will be placed at both ends of the mirror bar for revolving mirrors
about vertical axes.

Tho sighting rod will be attached to the bar so that when raised the disk will stand
square to the direction of the mirror bar prolonged, and a tangentscrew will be added
to the sighting rod so that vertical motion to the disk may be delicately given, The
screens will be divided into leaves and operated Ly s Key similar to that used on
telograph instruments. The mirror bar will be gsomewbat enlarged, but with extra
Niotal judiciously removed to diminish the weight. Aluminium will be used for the
motal ‘parts where practicable if tests show the metal to be suitable. The mirrors
can not be supplied at tho arsenal ; contracts for these, to satisfy the mostrigid re-
quirements, bave been given elacwhere. There is no doubt that the instrnment now
making will excel in workmanship and performance.

The ficld felephone kit is so_cxpensive an equipment that it has been impracticable
to go abead with the mavufacture for issue. Tho model set is in perfect order and
very satis{actory It was used at the Mount Gretua encampment of the Pennsylvania
militisz and has been connected up a few times about the ofiico to show how well it
works, but no opportunity has offered to give it a severo practical ficld test. Its
value for use in action by the Signal Corps is undoubted, and it does not seem nu-
likely that it would form an important article of the equipment if issued to com-
Panics, troops, and batteries. A special appropriation for the manufacture of a num-
ber to teat the matter is very much to be desired.

It has Leen thought possible to utilize the old telephones possessed by the service
for use as extemporized field equipments by assembling the telephone aud transmitter
in one piece, but further examination shows that it would bo hardly worth the while to
make the attemnpt. The old stock is of indifferent quality, as a rule, and the instru-
ments bave not given satisfaction to tho Army in many cases when used as they are.

The telopbones supplied by annual rental for use on target ranges have beon re-
arrapged with a view of making the equipment of certain rapgos asnearly permanent
a8 possible and of dtspensing with a number not essential.

The practice of renting telephones and transmitters irom one source and obtaining
call-hoxes, Latteries, etc., frow another aud adjusting the various parts at this
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office has not been found satisfactory in all respoocts nor econo)hicnl, and later pur-
chases have sccured the outfit complote at the same hands.

The homing-pigeon service at Key West has been discontinued and the birds trans.
forred to the superintendent of the Naval Ac:}dumy. The exporiment had been ¢ar-
ried to the point of obtaining return flights from Ylavana, and has shown that they
are reliable across quite exteusivo strotches of water aund can undoubtedly he made
use of by the Navy as messengors from shipboard to the home station. The experi-
ment lias been conducted throfngh a pm‘god of Tour years at an annual cost of §276.67.
That oxpenses could bo kept so low is duo to tho courtesy of the Quartermaster-
General, who made available a vacant barrack, and that of private parties, who
furnished the original stock without cost to the'Government. Asareturn to those who
supplied the birds the service has always extended 1:lcll|t.1es to fanciers throughout
the country in their training flights, and by so doing lms.lncidenl;ally become aware
of the great number of birds raised and trained forlong flights, which could he made
available for war purposes in case of necossity. .

The experimental signal lanterns have been fully tested in the West and found to
give a range of 15 miles with the naked eye. Free criticism was invited as to the
merits and defects of the lanterns, and two, which gave the best results, have been
selected for further tests. In many respects these two lanterns aro excollont, bnt
mechanical defects iave been developed which, when remedied, will probably make
one or both snitable for use in placo of the objectionable toreh.

A small candle lantern carrying a roticctor, and a screen for cutting off and reveal-
ing the light, has also beon tested and found an excellent substitute for the ordinary
lanterns used by the tirst sergeants of companies. 16 serves the ordinary purposes
of a lantern for the ficld, the squadroom, or the stable, and is, as well, an effective
signal equipment over a range of 2 or 3miles, burning the ordinary candle of com-
merce. Iifty of these have been ordered and will be for issue the coming year to va-
Tions posts and organizations for furtlm.r test and report.

The demand for heliograph instructions has nearly exhansted the supply, but in
view of changes in the now heliograph the preparation and issue of a new edition
must necessarily be deferred.

The call for codo cards has also been very great, to meet which a pocket card, set-
ting forth in condensed form the material parts of the complete code, has Leon pre-

vared and an edition of 10,000 printed. The alphabet, conventional signals, ete.,
ave ulso been added to the back of the pads holding message blanks.

In line with the policy of placing material in the hands of chief signal officers of
departments for issuo to acting signal ofticers an ample supply of blank forms, code
cards, instructions, otc., have been sent to the chief signal ofticer of the Department
of Arizona. It is belioved that requisitions for supplies and all communications from
acting signal officersrelative to signaling matters should, under ovdinary conditions,
VLe forwarded through tho department signal officer and bear his recommendation
and remarlis before action by this oflice,

Storage having heen found at Fort Riley, Kans,, for a portion of the field telegraph
train a section has been put in orderfor use at thatimportant poss, At present’ihero
are no draft animals availablo for use with this section, but arrangements to this
end can probably be temporarily effected through the Quartermaster’s Dopartment.

The presence of an officer of the corps at Tort Riloy with a signal detachment
malkes 1t possible to accomplish at this point a good deal in the way of experiment and
drill with the implementsand equipinoents of the corps not otherwiso practieable, and
no doubt facilities can be found so that it may bo made not only a depot of ﬂup,p]ies
but a point at which repairs may bo offected. '

Tho following is a list of the books designed for referenco and instruction nt Riley :

Proescott’s Llectricity.
The Telenhione.  Dolbear.
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Al)(poluto Measurements in Eloetricity.
iray.

The Electric Tolegraph. Popo. Ganot’s Physies,  Atkinsou. :
The Telephone. I’reece and Maier. Handbook of Llectric Diagraws, Davis
Mauual of Telograph  Construction.. and Rao. ®
Douglass. ) Instructions to Oporators.
Handbook of the Iilectric Telegraph. | Lleetric Tables and Formulio,
Lockwood. . . The Century Dictionary.
Electricity and Maguetism. Jonkins, Deschanel’s Natural Philosophy. Iv-
Electric Dictionary. llouston. crott.

Electric Telegraph.  Subine.

Dyunamo lilectrical Machinery., Thomp-
som.

Telegraph Manual. Shafiner.

The Telegraph in America. Reid.

International Codo Signals.
Stewart’s Treatisc on Heat.
Text Book of Physics. Lverctt,

Text Book of tho I'rinciples of Plysics.
Danicl.

Dynamo Tender's Iandbook.

Incandescent Wiring Iaudbook.

Stationary Steam Bngines Adapted to
Eleetrie Lighting,

The Storage of Llectrical Enorgy.
Plaute,
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Dynamo Electricity. Prescott. Tho Eleotric Ingiuneer’s Pockotbook of
Practical ‘Information for Telephonists. Modern Rules. Kempe.

Lockwood. Electricity and Magnotism. Stewart and
Handbook of Practical Telegraphy. Cul- Geo.

ley. Practical Electricity. Ayrton.
Manual of Telegraphy. Smith. Pockotbook of ILlectrical Rules and
Manual of Telegraphy. Williams. Tables. 3unro and Jameson.
The Philosophy and Practice of the Morse | Notes on Electricity. Abbot.

Telegraph. Smith, Electrical Engineoring. Slingo and
Practical Electrical Moeasurements. Brooker.

Swinburne. Management of Accumulators.  Salo-
The ‘I'clephone, Microphoue, and Phono- mons.

graph.  Du Monecel. Electricity and Magnetism. Maseart.
Electric Lighting. Du Moncel.

One hundred and thirty-seven field glasses of alumininm, 50 of which are arranged
with slings for carringe when out of case (the most satisfactory glass ever supplied),
have been procured during the year. The distribution of these has Leen limited at
presont to general officors, inspoctors of riflo and artillery practice, light Latteties,
nnd to the more important posts, sume limitation being necessary, as the supply
would not satisfy the demand. Those glasses cost $26.88 oach, but as future pur-
chnses must also include the import duty, the cost hereafter for the same glass will
be about one-half more.

Relative to the purchase of fiold glasses by officers it should be remarked that,
under present ruling, the sale is not authorized.

An excollont telescope in aluminium Las beon procured during the year as a model
for future purchases.

Under the conditions in which artillery practico is now held, instruments of pre-
cision to record the velocity and direction of the wind, humidity, cte., are essential.
While the old anemometer gives good record of velocitios, yot such velocity can not
Ve determined from this instrument at sight. A sample of a foreign instrument from
which the velocity can be taken at a glance has been procured, but it was found that
the office could construct a much better small cquipment for artillery practice and
tho matter is now in tho hands of Prof. Mavvin. The professor has also dovised a
{;sychrometer which by tho use of the tables specially propared for the purposo, ena-

les the humidity of the atmosphere to bo quickly obtained, and with much accuracy.
He has also in chargo the preparation of a compass suitable for the use of signal
officers.

At present the artillery ranges ave supplied with fired telephonos, but if it were
practicable to supply the ficld kits it is casily scen to what good use the ficld tele-
phone counld Le put in this connection.

In order to make the rezord of officers and posts moro readily accessiblo, sets of
card indexes have been prepared wheroby it is possible, IQ' casy reference, to at once
ascertain tho history of the officer so far as relates to inshraction and practice, and
also the equipment of a post, the charactor and cost of supplies furnishod on vari-
ous roquisitions, the amount of instruction held, ete. .

This form of record is so satisfactory as to suggest the possibility of its adoption to
good advantage in other directions.

An examination into the organization of foreign telegraph corps and the nature of
the duties reqnired of them, shows that, as o geueral thing, organizations are not
only perfected for the peace establishinent, but provision is mado for expaunsion in
war times. Tho prosent organization of our corps limits the number of cnlistod men
to 50. With this force disposed at stations on the military telegraph lines, schools
of instruction, department headquarters, cte., it is not practicable to have in hand
mueh of a detachment in readiness at all times for the ficld.

. To Lecome oxport uunder present conditions not only is constant practico and
iustruction in the ordinary methods of signaling necessary, but the men must bo
made clectrical exports, be familiar with sconting, surveying, and roconnoissance and
the sketoling jncidental thereto; be skilled in tho use of tho Lalloon train, the field
telegraph train, the telephone Kit, the use and manipulation of the electric search
light; constrnction, operation, and testing of tclegraph lines and Iaying of cable,
experts in ciphering and dociphering, etc.

_To accorplish the training of officers and men must ullimately unecossitate posses-
sion Ly the sorvice of a post or station. .

Information gathered from abroad from publications and the report of the military
attaches is reduced to card record when advisable, and work in this direction must
continuo to incroase as the corps assumes tho functions of a burean of military infor-
mation, which have been imposed upon it by Iaw. .

Very respectfully, your obediont servant,
: R. I. TioMpsoN,
The Cuinr SIGNAL Orricer, U. S. Anay, Captain, Signal Corps,
Washington, D, C. -
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APPENDIX NO. 2.

REPORT OF THE OFFICER IN CHARGE OF TELEGRAPH DIVISION.

816NAL OFFICE, WAR DEPARTMENT,
1ashington, June 30, 1891,

Sin: The officer in chargeof the telegraph division has the honor to submit the
following report regarding the maintenance and operation of the U.'S, military and
seacoust tolegraph lines during the fiscal year just closed.

There were in operation at tho date of the lust report 1,337 miles of military and
621 miles of soacoast Jines. Of the former, 1,025 miles remain in operation at the
closo of the year, and the mileage of the latter has been increased to 634 miles by the
extension of the Point Royes line,

The following table shows the location of .the lines by departments and coasts,
togrother with their length and changes during the year:

In operation. i

July 1, June 30, Changos.
1800, | 1801, |
I
1
1. Military lines: Miles. | Miles, |
Dakoter comeew-- 282 85 | Abandoned Fort Maginnis line, 186 miles; and
. Tort Totlen line, 11 miles.
Missouri .....-. 126 I 109 | Abandoned Fort Elliott line, 17 miles.
TexXAS coeevanee- 124 112 | Added 10 miles, Fort Clark to Spofford Junc-
{..iou. Lost 22 miles, abandoning FFort Davis
ine.
California .-.-.. 12 12 | No change.
ATizonad coccee e 493 417 | Gained 2miles rebuilding San Carlos line, and

10 miles by taking up Fort Bayard line,
Lost 40 miles, discontinuing Fort Verdeline;
97 milos, Ifort MoDowell line; 7 miles,-1%rt
Lowell line; and 14 miles by shortening
IFort Stanton line.

Platte .. cca---- 300 290 | Abandoned Fort Bridgerline, 10 miles.
Total .o.enn-- 1,337 | 1,02 |
11. Seacoast lines: T ' i . .
Pacific .vovnen-n 158 171 | Gained 13 miles oxtending Point Reyes line,
Atlantic..... .e- 463 463 | No change.

Total .......- 621 634

With o very fow oxceptions—such as the breakiung of submarine cables which
conld not be repaired or renewed without considerable delay or without Congres-
sional action, the occurrence of disastrous floods, notably in Arizona and Oklahoma
qerritories, ete., thomilitary geacoast tolegraph lines have been maintained in a high
stato of efficiency during the past year. luanticipation of the changes that will take
place in the management of theso lines with the beginning of the now fiscal year,
officers in charge and post commanders were requestod, in Novembor last, to inform
this oftice what additional materials, instruments, labor, ete., would be required to
fully equip their lines and placo them in the hest possible state of repair by July 1.
All requisitions received nnder this lettor wore fillod, so fur as was deemed necessary,
and general ropairs authorized to tho limit of the appropriation then available.
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Geuerally speaking, the men serving on tho military and sea coast telegraph lines
bave performed their, frequently onorous, duties with thatzeal and ﬁde]it; that have
always chavacterized the men of the Signal Corps ; ofton under conditions of great
hm‘ds.h.lps, isolation and risk of health and even life itsolf. Their'soldierly coxﬁluct
at military posts, in connection with the superior educational advantages enjoyed
by most of them, secured the respect and esteem of their military supenpors almost
without exception. Now, that under the operation of tho new law most of these
wen will bo mustered ont of tho Signal Corps, it scems propor to make special men-
tion of this gratifying featuro of the old service, Under the samo law, tho sea-
coast lines will be transferred to the Weather Buareau, leaving only th’e purely
military lines under the control of the Chief Signal Oflicer.

A Urief summary of the lines in the various military departments, us operated
during the past year, is given as follows:

Department of Dakota.—As indicated in last year’s report, tho Fort Maginnis line
186 miles long, was abandoned and all oflices closed to date July 1, 1890 conscqnené
to the abandonment of Fort Maginnis as & military post. For aliko reason the oper-
ation of the Fort Totten line, 11 miles was discontinued in November, and tho iron
poles in uso on that line were recovered and shipped to Yort Custer. !

On the Fort Custer section extensive ropairs were made by troops during Novem-
ber and Decomber, including the replacing of 443 wooden poles with iron ones. The
line has now 558 iron and 202 goud cedar poles, With 2 more than sufficient resorve
of spare iron poles to replace the romaining wooden ones, asmay become necessary

The Bismarck-Fort Yatesline has romained in' very efficient working order. '1‘f1<;
Northiwestern Telophone Company’s poles hetweon Mandan and Fort Abraham Lin-
coln, which haq carried the wilitary wire for several yoars, wore purchaged by this
service for the very moderate snm of §200. South of the fort the lino now requires
300 new poles, which have alrcady been purchased aud, together with other line ma-
terials, shipped to the Cannon Iall River, where troops from Iort Yates will he;;in
general repairs during July next.

The Sigual Corps observers at Forts Sully, Buford, and Assinniboine have continued
to operate tho Western Union branch lines to thosq posts, to facilitate the transmis-
gion of public messages; the small a.mou.ut of business at those points not warrant-
ing the company to supply operators O_f its owu,

Department of the Missouri.—The qmcontmunﬁco of the military post of Fort
¥lliot led to thie abandonment of theline thenco to Miami, 17 miles on September 30
Tho line was dismantled by iroops, and the material thus recovered shippodlt(;
points where noeded.

The line from Fort Sill to Fort Iicno :Ln(] El Rono remained in excellent working
order until June, when the towers, or derricks, supporting the wire at the crossing .o{-t.'
the South Canadian River were washed away by the disastrous freshet then i)[ch?l“-
ing. The damage wasrepaired by the military nuthorities as soon as the river had
resumed its normlal coxid]itio;xi . " ) b

The YFort Supply an( “ort 1.owis sections have beon operated unde sontr
the local military authoritics. As the troops are to be I\)\'il.hdrm\'n f:oxtllxl(i“f)(;:,nll glwti);'
on or before October 1, 1891, tho latter scction will probably be abandoned ';L an
early date. ) ’

‘Denartment of Teras.—The new line from Fort Clark to Spotford.Juncti ¢
p]et(fd early in September, ander the supervision of an expfzrt Si"lulaln(gtt)lr(;:; ;‘i::x(\:?axg.
The poles were cut by troops,.:mq the other matorials supplied l?y thig service fron;
lines no longer in use. The line is operated without extra expense, and’ carries no
commercial busi;}}ess. 1o to Fort Ri a ’

The line from Brownsville to IFort Ringgold was thoroughly overhs
ments from those posts, under the supervision of ‘two Sigr?nl gor\glgém:gzsn}’grgeu'{[?]h.
work was comploted 1}1:11'01]1 1:2.t , : 10

T'he other lines in this department are the Iort Davis-Marf: i . o
telephones, and a loop from Departent Headquarters at San );&?:(Erlloi2,&1);]\)1:{3{(1}8\23:1;
Uuion office in tho city, which has been operated by the Signal Corps observer, Th
Fort Davis section was discontinued June 30, consequent to the abandonment E)f thg

post.

Department of California.—"The only military line in this artme :onai
about 4 miles of cables and 8 miles of land li)fes, connecting %i?[:;:::)t(::‘ltlt ﬁ:::ﬁtxsm(;f
ters and the Signal Office at San Francisco with the military posts at Fort Ha.sonl the
Presidio, Aloatraz Island, and Aungel Island. Sineo the break in the direet cuble
between Fort Mason and Aleatraz Island, business for the island posts had to be sent
over commercial lines as far as ’}‘1bllron, until the extension of tlie Point Reves line
and the renting of a conductor in the commercial cable across the Golden Gate ren-
dered direot communication again possible. The cable between Tiburon and /iu rel
Island gaveoutin September, and asit was reported that the same could not be repaixb"od
without heavy expense, & quantity of new spare cable was shipped frowm this otlice
but before it arrived at Sar ¥raucisco the old cable had been repaired, with the
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" assistance of the military authoritics, at an oxpensoe of §350. With a view to restor-

ing direct communication botween Fort Mason and Alcatraz Island, after the separa-
tion of the military aud seacoast lines shall havo rendered the use of the condiictor
in the Golden Gato cable impracticablo for diilitary purposes, the Chiet Signal Otlicer
ordered some 4,000 yards old eable shipped to San Fraucisco from Woods Holl. This
cablo is now stored under water near the Presidio, but will require careful examina-
tion and repairs before using. The fact that it was found impossible to maintain
former cables over this route, on account of tho groat liability to damage from
ancliors, would scem to make it inexpediont to lay another one undor present condi-
tions. Tho cable inight bo held in readiness for an emergoncy, us in caso of war, ov
a much longer one should be provided, to admit of a route outside tho anchorivg
grounds. In the meantime business to and from tho islands can be haundled over the
Western Union lines betweon San Francisco and Tiburon, to be traunsterrod to the
Governmont cable at the latter point.

Department of the Columbia.—Undor orders from the War Departinent, the commer-
cial (formerly Signal Service)lino from Itort Spokane to Davenport was to be put in
thorough repair by troops, and maintained thereafter by the military authorities.
This service furnished a cousiderable quantity of now poles and other line material
for the reconstruction of the line, and also authorized the employment of au expert
lineman for one month to superintond the work, which, at last accounts, had not been
entirely completed. :

Department of Arisona.—In consequence of the abandonment of the military posts
of FForts Verde and McDowell, the lines from Whipple Barracks to Fort Verde, and
from Fort McDowoll to Phanix, wers discontinued in July. The iron poles were re-
covered and shipped to Wilcox for use ou the ort Apacho section. Similar action
was had with Tegard to the telepliono line from Fort Lowell to Tueson, which was
discontinucd in April.

Communication over the lort Apache section was seriously interrupted during
February and March, owiig to severe freshets in the Gila and Little Colorado rivers,
which not only did much damago to the line, but prevented the repair parties from
crossing to make repairs. During the continuance of the flood messages to and from
San Carlos were flagzed across the river from temporary sigual stations.” The south-
ern end of the section, from Wilcox to Fort Bowie, was largely reconstructed on iron
polesduring February and March. The Signal Corps operator at I'ort Bowiorendered
valuable services in supervising tho worlk of the troops.

The terminug of the Fort Stanton line was changed from Lava to Carthage, by
which the line was shorfened about 14 miles. Tho work was done by troops, and
occupied one onth, from October to November, in its completion. Contrary to the in-
intontions of the Chief Signal Ofticer, the Signal Corpsexpert from Lava was employed
in operating temporary stations along the now route instead of supervising the worlk of
construction, which was poorly done in consequenco. Another dotachmeont left I'ort
Stanton during the prosent month, accompanied by the Signal Corps vporator from
Cartliage, to remedy the defects of original construction.

The Fort Wingate, Fort Union, and Fort Bayard lines are operatod nndor the con-
trol of the respectivo post commanders. .

- Department of the Ilaite.—The line from Tort Bridger to Cartor was dismantled in
October, owing to the abandonment of tho post. ‘Tho iron poles were recoveroed and
slipped to Forts Custor and Riley.

‘I'ho 1,188 iron poles that had been shipped to Prico, Utah, from various abandoned
lines were put into the Fort Du Chesno lino by troops, July 16 to 31. 1fiis estimatod
that 1,000 more iron poles aro necessary to put this lino iu lasting good repair, as
wooden poles ave liable 1o bo cut down by freighters or rubbed down by cattlo.

On tho Fort McKinney line $100 was oxponded for genoral ropairs in October lust.
On tho recommendation of an inspecting ofiicer it was ordered that & numboer of iron
poles be shipped to Fort MoKinney during May, but the order was cancelled on
Toceipt of information that tho post would probably be abandoned iu the near future.

The Fort Washakic line reccived general repairs on several occasions, and has been
maintained in & fair state of eficioncy. 1t is in a very weak condition, however, and
Will require sevoral thousands of new poles and mauny thiles of new wire to put in
good repair. As this line is only leased by the Government, and is not provided for
undor the law maliing appropriations for military t.olcgmpil lines, tho Chief Sigoal
Officer has always doeclined to espond more money onthe same than was absolutely
necessary to maibtain communication from year to year,but in tho course of another
veur a considerable outlay of roney and labor will have to be made or the line must

e abandoned.
SIIACOAST LINES.

Atlantic coast.—The lino from Nortolk to 1Tattoras, with its cable branch to C@l;o
harles, remained in excellent working order until Januard 16, when, during the
Progress of u sovore storm, the cable across Oregon 1nlot was broken and its shore ends
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torn from their landings. Iinmediate steps-were taken, under tho persoval super-
vision of Lieut. Lllis, to recover and repair the cable, but it was found that the north
end was so deeply buried in the sandy ?}loa-]s as to render ity recovery impossible,
and that a now cable would be nccessdry to restore communication with the line
south of the inlet. As this required Covgressional action involving a delay of sev-
eral months, the station at Hatteras was tempors=ily elosed avd the eperator at
Kitty Hawk directed to telegraph mel.uorologx};:\] repovts in the meauntime. A new
cable, about 23 miles long, was suceessfully Jaid June 6 2o 7, and the telograph office
at Hatteras reopened two weekslater. The new cable is of a much hoavertype than
the 0ld one and, like the latter, has two conductors, one of which can bo used for the
Life-Saving Service telephone line. Its greater weight and length inake it nore
secure against damagoe from storms, and the shore ends were carried far enongh in-
land to provent washionts for years to couo. The fact that shortly after the break
in the old cable three shipwrecks oceurred in the immediato vicinity, involving a loss
of 10 llaman Jives, emphasized the importance of maintaining tole;‘:mphic communi-
cation with that dangerous locality. ) ;

"The Capo Charles cable was broken April 18, about 1 mile from the Cape lHeury
end, presumably by the anchor of the steain pilot boat PPilot. Tho broken ends
were found nearly one-half mile apart, and as it was found impossible to pull them
together they were buoyed in the best manner practicable, and a sufiicient quantity
of spare cable was ordered shipped from Block Island to splice into the break; but
owing to lack of funds the tinal work of making repairs had to be postponed until
after July 1.

Much work was done on the land lines also. T'he old line from Nortolk to Komps-
ville was abandoned and a new wire strung on the railroad and Western Union Com-
pany’s poles between thoso_points. The new route required w short cable for the
draw in the bridge across Deep Creek. The work was completed during October.
Thirty-three miles of new wire and 300 new wooden poles were put into the line
between Capée Henry and Curritnek Inlet, and 20 new poles and 6 miles of wire on the
Kitty Hawk section. During the coming year somo 800 new wooden poles, 65 miles 0
now wire, and & corljcsponding number of insulators and brackets will be’required to
put the Hatteras, Kitty Hawk, and Gurrituclk Inlet repair sections in good condition.

On the Wilmington-Southport line but little work has Leen llCcOS;ﬂl‘y. Some 8V
jirou poles were replaced with wouden ones in March,

The lino from Titusville to Jupiter was thoroughly cleared of overhanging limbs
and underbrush during August and September. It isroported to bein oxcellent con-
dition at present.

Lxcopting the damage done during a severe sleet storm in January, which beut
the iron poles nearly to the ground, the Black island line, including 11 miles of cables
bas remained in geod working order. ‘The damage referved to wus i;romptlv repaired.

The Nantucket system ot cables and land lines sutfered no serious interruntion dur-
ing the year. All of 1he iron poles remaining in use on the main line were replace
with wooden ones in January. The lines proved of great value in connection with
the wrecks of the U. S. steamships Galena and Triana, March 12, when tho Sieng
Corps operator at Vilgcyar(l Haven ostablished a flying station at (;ia,v Head to facili-
tate the transmission of important public dispatches. 1lis services on that occasion
were acknowledged in a speeial letter from the Secrotary of tho Navy to the chrémry
of War. Much of the succossin the efticient operation of the Nantucket svstem i3
dne to the zeal aud abilivy of the chief operator, Sergt. 13. A. Blundon, Signal Corps:

Pacific coast.—The work ol extending the Point Reyes line from Tiburon to Lilu®
Point was completed during July, but owing to a series of unfortunate delays on the
part of thelocal management, due to the pressure of other duties or to other causess
the reconstruction of the line between Forg Point and San Francisco was not com-
pleted until December 3, oa which date the line was connected with the ronted con:
ductor in tho cable across the Golden Gate and dircet communication with Point
Reyes reistablished.  On the original line $150 was expended for seneral ropairs, &
lack of funds praventing the more expensive bnt very necessary work of setting 100
new poles at. points where the wire is now earried on'troes. Tl officer in char:'e A
San Francisco reports that the bark Flectra and the schooner Sylvia Handy, whilo iB
distress off Point Royes, were saved through the agency of tho Government line it
sumnoning assistance. .

The cable across \Y:xll‘:wut River, onthe Washington side of the Astoria-Tort Canby
section, was broken in September and found to bo worthless for vepair. The furthet
use of a cable at this poms was dispensed with by constructing a span on high pole
to carry thoe lino over the draw in the bridge. The large cable at the mouth of tho
Columbia River has given no tronble whatever, Extousive repairs are needed to the
1and line on the Washington side of the river.

As anticipated in last yonr's report the special appropriation of 86,800 for renew”
ing the Tatoosh Islund cable iind land liue proved insaflicient for the purchaso of 8
cablo alone, as the new tarifl' Jaws made no provisions for importing Governmen
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cables free of duty. Under subsequent Jegislation a very heavy cable has been con-
tracted for, which is now on the way from London, aud the work of reconstructing
the land line from Port Angeles to Cape Flattery was begun during June. It is ox-
pected that communication with Tatoosh Island c¢an be restored on or before Angust 1.
Respectfully submitted.
H. H. C. DuNxwooby,
Major Signal Corps, Telegraph Oficer.
The CHIEF SIGNAL OFFICER.

REPORT SIIOWING TAE WORK OF THE TELEGRAPH ROOM AT THIS OFFICE.

During the past year there were audited 250 bills for telegraphicsorvices. Twenty-
four estimates, based on the rates fixed by the Postmaster-General, were furnished the
disbursing ofticer.

There were received aud sent from this offico 1,250,000 cipher words and 83,000 tel-
egrams.

Forms 204 B, 211, and 232 woere received from all stations and tho necessary corre-
spoudonce in refcrence thereto iransactod.

Daily wire reports of the various circuits were mado up and_ tho nccessary letters
written in referonce to weather reports not filed or transmitted on schedule tine.

The telegraph service has been oxcellent with but one exception, when in conse-
quence of a heavy sleot storm during the night of January 24-35 dircct communica-
tion with New York City remnained interrupted until the evening of January 29.
During this period the New England and Lalke region reports were received here
via Chicago, Cincinnati, and Augusta.

TABLE SHOWING AMOUNT OF CASH RECEIPTS AT STATIONS OF THE UNITED STATES
MILITARY TELEGRAPH LINES FOR THE FIscAL Yrar LExpINg Juxwk 30, 1891

1Cash belonging to tho United States.}

Stations. ‘ Amount. !i Stations. Amount.
i |
ARIZONA DIVISION. | i NORTHERN DIVISION—cont'd.

Holbrook section: " Du Cliesne section:

Hoibrook, Ariz - eceeeoo-.. §22.41 - Fort Du Chesue, Utall ... 99, 63
Trort Apache, Ariz......... ! 83,51 ¢ Taylor Ranch, Utah ...... $2.12
TPort Bowie, Ariz...... ... | 26,60 & Price, Utah........o.ooo.. 48.74
Tort Grant, Aviz ..........; 109,45 } Washakie soction:

Vort Thomas, Atz ..ccovouoi 135,45 4 Fort Washakio, Wyo...... 178.45
San Carlos, ATiz ceeevane.. | 933,66 & Rawlins, Wyo ............ 137.27
Willcox, Artiz.eeeevene oann © 280,97 . Bismark section :

Fort Stanton section: | : Bismark, N.Dak .......... 203. 61
Fort Stanton N. Mex...... ! 73,165 0. Fort Yatos, N. Dak........ 109. 65
Carthage, N. Mex. ........] 56.54 - Custor section:

l i Tort Cnster, Mont ........ 63.11

. . Custer Station, Mont...... 87,71
NORTHERN DIVISION. - Canby section :

. Fort Canby, Wash........ 368. 96

Brownsville section: L Astoria, Oregon........... 112.85
Brownsville, Tex ......... 173,07  liott saction @

Rio Grande City, Tex ..... | 224,85 Fort Elliott, Tex. (aban- 18,55

Reno section | . doned Oct. I, 1890).

Fort Reno, Okla ....a. ... 62.70 " ————
Fort Sill, Okla....o.oo.... | 37.97 Total....cooiiiiienino. 3,011.28

WAR 91—VOL 1V——-4.
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RECEIVED IN TRUST FOR TiHE WESTERN UNION AND OTIER ComMMERCIAL TELE-
GRAPH COMPANIES ON ACCOUNT Or THEIR ToLys,

Statiovs.

ARIZONA DIVISION.

Holbrook section :

Holbrook, Ariz .......

Vort Apacho, Ariz

Fort Bowie, Ariz.....
IFort Grant, Aviz .....
¥ort Thomas, Ariz ...

San Carloy, Aviz ...
Willcox, Ariz
Stanton section :
Fort Stanton, N. Mex
Carthage, N. Mex

NORTHERN DIVISION.

Brownsvillo section :

Brownsville, Tex.....

Lio Grande City, Tox
Reno section:

Fort eno, Okla

Fort Sill, Okla
Du Chesne scction:

Yort Du Cliesuo, Utah ...

Amount.

Amounnt. | Stations.
i
_ii_......_..—m-——
| NORTHERN pIVISION—cont’d.
1 Du Chiesne section—Cont’d.
S1.50 | Taylor Ranch, Utah. .
Q27.07 | Prico, Utalv..............
106. 95 i1 Washakie section :
355,61 1 Fort Washakie, Wyo.....
251.71 Rawlinsg, Wyo ,..o.......
773,79 || Bismarclk section :
504,95 || Bismarck,N. Dak ........
| TPort Yates, N. Dak.......
476,26 || Custer section :
56, 07 Fort Custer, Mont....... .
” Custer Station, Mont. ...
.| Canby section :
1l Fort-Canby, Wash .......
: Astoria, Oregon..........
.00 | Elliott section :
471,45 ! Fort Elliott, Tex. (aban-
i doned Oct. 1, 1890).
428. 06 :
347.99 |, v Total Lol il
]

510,05 !

$14.
41.

39
30

59
00

420.
00.

Gl.
428.

57
83
86
00

18
75

461.
00.

1,141.
138.

62.76

7,987, 89




APPENDIX 3.

REPORT OF TIE OFFICER IN CHALGE OF THE V. ERIFICATION OF OF.
FIGIAL FORECASTS.

N1GNAL OFFICE, WAL DEPARTMENT,
Washington City, June 30, 1891,

Sir: The verification of the official forccasts issued upon the daily 8 p. . observa-
tions for the year ending June 30, 1891, have been detormined by the established
rules, and I have the honor to snbmit herewith the aecompanying tables of pereent-
ages in detail. )

In originally dovising and arranging the rulos that are now in foreo for determin-
ing the percontnges of verifications 1t was a chiet consideration to male the per-
centages represcnt, with tho closest approximation possible, a fair and just estimato
of the extent of success of cach forecast, not only as measured and estimated Dby
popular impression, but also paying due rogard to what we may term the mathema-
tician’s conception of the requirements of problems of this kind. The popular opin-
ion in many cases is less uniforinly impartial and precise, and is often based upon
individual improssion affected by accidental cireumstances rather than definite and
indisputable observations.

While it will be generally admitted by unyone studying the question closely that
our rules for determining tho percentages of verifications are just and impartial and
Dbased upon correct prineiples, yeb the weather problem with which we are dealingis
s0 exceedingly complicated that in publishing opposite a series of forecast oflicials’
names 2 series of percentages of verifications, it is only just to particularly pointout
a matter well known and undoerstood by those fully versed in the subject, namely,
that such percontages are not strictly comparable, and henco do not definitoly and
with certainty measuro the respective ability of those concerned. The reasons for
this aro principally beeause of the much groater diflienlty of successfully forecasting
rainy and unsettled than fair weather, togethor with tho scagonal and spasmodic
variations in their respoctive occurrence.  No clearer proof of this ncod be sought
than that presentod by a comparison of the percentages of veritications of the fore-
casts for the Pacific coast.  Year after year these percontages ave higher than for the
rest of the country, not, it is believed, becinse ol any greater ability of the official
having charge of that district but simply becanse of the greater frequency of con-
ditions most favorable for successtul forecasts, The gradation of percontages down-
wards as wo pass northward from the dry sunshiny climato of sonthern California to
the moro ordinary and rainy climato of Washington is very marked. -

Simtlar circumstances, scemingly withlittle or no special order of sequence either as
to time orlocality, prevail also over tho region east of the Rocky Mountaing, though in
much less marked degree, so that whilo tho percentages represont closoly, it is be-
lieved, the success attained under the respective conditions, yot so long as forecas's
are made Ly only ono ofiicial at a time, their respoctive ability can not be fairly do-
termined excopt by the mean of many months’ work, '

It has ofton been thought to roduce various mouthly percontages to a comparable
basis by applying a system of monthly corrections or constants of rednction to the
average. I ainwysell, howevor, convineed from a close examinantion of the details
that such corrections are highly arbitrary, and can not be definitely idoutified with
any particular month any moro than tho particular weather of cach month is closely
identical yoear. after year, The variation in succossive monthly percentages is, on
the average, only a few per cont, and to eliminate from this small variation that por-
tion duc to monthly or seasonal peculiarity requires a far nicer and refined mathe-
matical analysis than the data and material at hand render possible. So many
changes have been made from time to timo in methods of forecasts and rnles for veri-
fication that only little strictly comparablo data is on hand. These conclusions are
alike applicablo to wind-sigual displays and to weather and tomperaturo forecasts,
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In the Annual Report for 1888, p. 60, table 2, is given the average monthly per-
contages of jnstification of the display of wind signals for a period of eight years ond-
ing 1888. This table shows in a striking manner that the percentages are lowest in
the summer months and highest in the winter. If, however, we take the percentages
for the past three years, during which new rules governed the display and verification
of wind signals, no such gradation of percentages exists, and it appears very arbitrary
to endeavor to establish any system of mopt.h]y corrections or reductions to averages,

A third year has now passed, during which there has been practically no changes in
oither the material or manner of preparing forecasts or in thoe rules and principals for
their verification. . .

The percentages of weather forecasts for zt!l btat‘es is 1.7 per cent higher than last
vear and 2.5 per cent higher than in 1888-80. The tmrlpera.tum forecasts for this
year are only 0.2 per cent behind those of last year and 2.7 per cent higher than those
of the year ending June 30, 1881, i

The yearly averages of weather and temperature combined for the threo years Just
passed are:

Por cont.
1880 it i i ieece et eiccce e mer et teceet it teenne e e 81.0
1890 .. . e eieaans e T o
1801 L g

A very gratifying increase is found also in the yearly averages of the percentagos
of justification of the display of wind sigpals, which are as follows:

Per cent.
R 4 R LR L R R L T T TN 67.3
1890 ceuccicce caveeacae *cecs o R R I L R ceececrcanann 67.1
1801 coeceeaaan. ecaceccssncatceccas tonan B L F G, [ 70,9

The detailed perceutages are given in the tables which follow.
. C. ¥. MaRrviIN,
dssislant Professor in Charge Verifications.
The CHIEF SIGNAL OFIICER.
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TABLE I.—PERCENTAGES OF VERIFICATIONS OF 8 P, M. TWENTY-FOUR HOUR FORE-
CASTS OF WEATHER AND TEMPERATURE FOR THE YEAR ENDING JUNE 30, 1891,

1890, 1891, N

L

— _ +=

States. ) . sl 3

& glalsl5|le|l&ia|>e

z E|E|E|5|5 2|52
Maine -coooniiiininaaan. 50. 4!5‘0. '80. 7,80, 3:82. 4!81. 9,80. 6,90. 6!85. 478, 3!79. 7)77.681.5
Now Hampshire ......-.. 31,252,779, 8,73, 281, 584. 2,78, 294. 9,79, 475. 178, Y 76.280.4
Vermont voeeeeeceaaccca- 79, 6|8‘ . &80. 875, ! L0186, 176, 7|92, 1,79. 8:78. 9.83. 5|77. 5|81, 2
Massachusotts . .ooooenn-. 78.1,83. 877, 370, 381. 5,79, 9182, 3,92, 6;75. 3184, 5|87, 2181. 980, 9
Rbode Tsland ...cauoanee. 78.5; i7 5. 9,83. 2,82, 4:97. 4,76, 580, 4:88. 5/80. 8283. 5
Connecticut ...... ----|75. 8, . 883. 2184, 205, 0;80. 8)78. 7,37. 0,84. 3181, 9
Eastern New York....... 50, 6: . 884, 881, 793, 476. G|91. 583. 2/82. 3/83. 3
Western New York....... 84,28 . 6(74. 383, 5,89, 377, 1|85. 1(77. 5/78. 2.81. 4
Eastern Pennsylvania.... .78, 2,85 5. 283, 8,87, 7,90. G:87. 4166, 7|83. 9,84. Hi85. 2
Western Peunsylvania. ..!34, 68 2, 779, 477, 202, 4|81. 9,86. 3,76. 776, 881, 7
New Jorsoy..ceceeceu---. 151, 4;83.° . 9185. 3,87, 0189, 6,84 3:88, 1:79. 5{83.584. 5
Delaware....ccooonvennn. 81. 0% . 5(87. 0:84. 3,92. 387, 983, 7|94 283. 7184. 8
Maryland .......ccoaenn.. 83, . 4/86. 7:85. 9,89. 8;86. 3/86. 1/86. 980 385. 4
District of Columbia. .... i8d., 5l . 185, 7|84, 9.92. 4/85. 7|86. 5/83. 0|78, 0|85, 1
Virginia. cco oo eoan el 80,4 5. 385, 5:85. 2190. 1,83, 9/86. 3:84. 5/76. 1(83. 9
North Caroling ...c...... '83. . 0:24, 386, 9186. 581. 3,79. 0|86. 8174.9/83.6
South Caroling ..........'83. 485. 4189, 9.84. 579, 7|85. 087. 1:82. 0j84. 9
Georgia . «ocomnvacaee e 82, 2.081. 990, 681. 7|79, 5,83. 8,90. Gi80. 9184. 5
Fastern Florida ..ca.. ... 88, . 0,85.2 90, 6:87. 3:86. 7|32, 592. 8/87. 1:87. 7
Western Florida...... ---'85.485.0. 3. 1'84. 1'89. 8/86. 8:83. 9|86. 9/96. 4(80. 3l87.2
Alabama ...oc...oooon =6. 689. 677, 7 91.4:93, 7:01. 4'88. 3(87. 6;80. 5{85, 7/89, 779. 886, &
Mississippi 175 . 201, 589, 585, 181, 1{82. 5 89, 0/76. 5,85. 8
Louisiaua L6 8B, 975, 4. 2.289. 7 80. 0[86. 6;74. Y[81. 0120, 9(75. 0,84. 2
Texas .........o...... ‘.. 193, 500, G:82. 1:85. 9|37, 652, 882, 7|83, 2,80, 3:81. 0;36. 183, 7/85. 0
Arkansas .. X; .9:79. 5:90. 3,88. 378, 3/73. 882. 8/77. 7/83. 3
Teunnessee . 982,286, 3:88. 575, 9.76. 586. 0|76. 9182. 6
Kentucky A 5, 0/84. 6 83. 8:83. 979, 9,79, 5/85. 881, 5,83, 1
Ohio .coceevimaeniananans : .879.1(81.479.790. 523. 9.82, 3/79. 676. 282, 6
West Virginia . e.omvaaooe i80. 378, 4/30. 086, 487, 115, 4 81. 9:90. 7,83, 2;83. 277, 5 83.983.2
Indiang . oececvinvcncnnns 187,484, 0,74 382 6'85. 5[79.2,89. 589. 9779, 4:80. 5,36. 1.80. 7,83. 3
Ilinois .cocuueenne ee----[806, 088, 374, 7 81. 087, 9/38. 4'86. 990, 9|81. 1/82. 3,88. 8(83. 5/85. 0
Lower Michigan . ........[82, 1:36. 1|82, 6.78. 9j85. 0:74. 9 85, 0.90. 479. 4/78. 7/85. 574. 5/81. 9
Upper Michigan . ........|77.9'79. 0150, 276. 477, 1{72, 677, 9|82. 2.84. 5:82. 586. 974. 5,79.
Wisconsin...... .- .-|77.7'84. 4:83. 375, 4'57. 884. 4]85, 5:86. 4:87. 7,83, 3,84, 0172. 7|83. 1
Minnesota. ... ce-.|7B.BB2.183.577.7 87, 5188, 882, 2 83. 9,83, 5/84. 1187, 9177, 2183, 1
TOWS aeeennnemencaammenn 34. 6:80, 1132, 9.75. 2'88. 3[86. 6[90. 4 83. SIB1. 882, 586 278, 583 4
Kansas coceeeeccoaeennns 82, ():B-l. 077.5%3. 185, 1186. 1/90. 3.80. 6/80. 0.83. 882, 9|76.982. 8
Nebraskg.oveee cocacennn. 184, 1'42. 4:83. §.86. 3185, 1}82, 890, 0,78, 981, 287, 287.2{77.583. 9
MiSS0UFT .+ e aevn eenans ... -85, 8185, 873, 1177. 785, 584, 589, 4/87. 7,89, 0}81. 9,89.5(79.2:84. 6
Colorado .occeveevennannn 79. 0'85. 1;31, 083, 088, 9184, 387, 7,77, 6,79. H;31. 5,80, 8i75. 2182. 0
Dakota, North...ceeeeen. 57. 4183, 9,82, 1'78, 785, 7|80, 6 83. 6:86. 4|77, 7(79. 0)38. 368, 5182. 33
Dalkota, South........... 82, 6:77. 0,83, 1.83. 2186, 7(85. 0,82, 5l79. 1/82. 779, 3)38. 078.1/82.3
Weather .......... 86. 4.86. 0133, 0 3¢. 5/88, 8185, 7:86. 7,90, 487. 2:88. 0|88. 8.83.5,86. 9
Temperature ...... 78. 981 5/73. 077, 1182, 4181, 2/83. 0'84. 273. 074 9,80. 3172, 1178.5

Weathor and tem- ' | ‘
perature com- | ] |
bined -.c.eeo...-[83, 184,279, 483. 9,86, 283. 9,85, 2.37. 9;81. 5,82. 885. 4|78. 9:83.5
Pacific coast. |

Southern California... ... 04. 0,50, 8)87. 991, 8195. 9190. 9'96. 3'83. 493. 092, 7#9. 196. G:91. 8
Northern California...... 92, 290, 2!85. 837. 8 94, 3139, 191, 292, 3|81. 7/8€. 7|86. 3192, 2139. 2
FOgoNn . ..... ceeemeaana 44, 7188, 3:83. 2192, 516, 8,83, 185, 7178, 5,78, 9:80, 1184, G|84. 4
ashington . ... 117, MB0, 9|88, 1'85, 081, 4,82, 3'84. 1:81. 5.80. 381.983. 9
Weather .......... 05, 9 94, 0192, 493,494, GI8Y, 0,87, 7:85. 87, 4|89, 0139, 9/90. 1190, 7
Teraperature ...... 70, 1[79.6 8. 2

20, 1174, 8189, 9i8(5. 5i88. 687, 1.79, 7,78. 9175, 086. 9|8

Weather and temn- i )

perature ¢oi- i

I | ‘

]
bined ...eec...... 80, 2[88. 2]&7. 5!86. 0:92. 7lb‘8. 0:88. 0,86. 9 84. 3185. 0l83. 9/88.88.73 -
I i
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TABLE II.—VERIFICATIONS Ov 8. M. FORTY-EIGHT AND SEVEN

NXTY-rwo Hour Fonge-

CASTS OF WEATHER AND TEMPERATURE FOR TI11E Yrar uxning Juxe 30, 1801,

Weather.

50,
51,
b 76,
93,
[UN
=0,

Veritications.

[ Y
87.4
YR
7.
b,
M.
HE 2 N

Ll Reaiy 8 o

6
6
9

8

l«oxt) elght hour

’I‘uupox @
ture.

X
o

E 90,
8.
1100,

Qu (‘nt) two ]Jom

ature combined,

i Weather and temper- |

! Verifications.

i I'urecasts.
i Verifications.

i

<

L R o

(9 Rl = JE &)

.
Tempera- 5
ture. S
=@
R-]
zE
% =2
= 29
. = @ Q2
z = ©
[ bad 28
o] s |32
g B $w
o~ = -
[ » -
o ———
' No. | Poet. 1P, ct.

Months, i

g

=

LS

! >

[

b
1890. No.
July. . ooooao.. 2
Auv'ust .......... 18
bcpt(ambu‘. ceme.| 111
Qctober........-. 11
November . 54
December RERES

13901,

Javuary ......-..f 73
February ...-.... 93
March ..o veenns 49
April coooaanenn. 214
MAY cennccaennnns| O
June ....e.oa-.. 151

Total .onue. i1, 416
|

83.

8




REPORT OF THE CHIEF SIGNAL OFFICER.

CTanpre IHI—STATEMENT OF PERCENTAGES OF JUSTIFICATIONS OF WIND
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S1IGNALS

¥OR THE YEAR ENDING JUNE 30, 12891
| [ . . . ) )
l,_; I | 2 |C%:ll_t,10“' Storm. Tor | ‘}(:E_ l.&’ 18
S Justi-; 3§ | any- easterly; (4" 'S 3=
P | fied ag| B | L Justi- Tusti- winds. ‘ winds. ‘ |23
g ltove-| 2 | jJu iod @ g >y
I S ocity. 8 fied as: fied as'——| | < | B [% 4
Month. g °¢ Yl 2 l “tove-{ |to ve- b ‘ 2181°%e
Z L= locity. locity. . o122 &
Bl =g BB R E 8 S
|“‘!>,Iv.|z.: Siva|glelwl 2 |&1 8 a =19
EEIE IR IR EE ERERE-RN-R AL
ElHEE R A 3
~H!:;'C<|hi0,:¢ih~i0|:.; ?-«|O|r->iolh.:.» "’19*
i O A A B
1890 A i | - co ! : |
B 1% CON 45 31 43!_ ag sl 0l es weoee euo2y 103
August -....... 5L 32 LA U R W R (T 10 40 20 G G5
September ool 45 30 3 4846 B Bl sl 200 1Y 25 25 2 12l 58,5
Octohor ..-... 100 70 9 112 88 54 0] 33 25 3 am 42 7 70 17) 10| 7L.7
November ....: 106 79 3 ool ogi 74 1 75 20 21 160 85 5'3| Q200 98, 69.9
December ....0 931 50 2 03 49 Zil‘i 7‘ 46, 37 5: ‘JUE 18 75 18! 11] 77.5
1501. P co A
January ...... ’ ST 7 8l .'»Zl 414 (§| 35 32 1 3 20| 54 52 13 W'8L.7
February ..... | 116 76 6] 110) 85 5T 328 100 @ 25l 23 o 87l 24 10| 69.7
Mavch .o.....- Dl ol 7l 79 6y 42 3 310 3 69 67 450 44 15 140 821
Aprilt ... |oar 63, T 89 “3 44 | 9 3 23 2 63 63 19 10} 67.0
May | %6, 60, 1 73706 60 1 o 560 33 400 400 200 11] 73.0
B 20) 20 17 1 3 8 20 ol 415
i ._____.__ i |__ ____'__.__
Tofal . ‘.)26|712\)H ;,'|19~1:,9' 2y’

N 'JtUh‘H
i |

n| io! 323 616 ()05 "4‘)i

%i 70.4

* Yearly per cent.

TanLy IV.—~VERIFICATIONS OF

WARNINGS, YEAR ENDING JUNE 30, 1891,

CoLD-WAVE SIGNALS, AND TEMPERATURE

- Faur

| Cold-wavesignuls. | & ::‘ L 1““‘1“" ature- f"” I Z:’NE .
e .;.:n | Su warnings. o ";'—:
S TN et i
| s |5 L2 22
: s . : £n .: ; s
SR er o
\ EREE iis
3 [ B 5 el
= = 0 E @ 1 E2 3 5 £ 58
| T i E EEE|EE| B OELf
slelgli=iiz 2% ¢ |82
= 5 i '.-‘ ! C o ; = B - £~
S| # | &, ° |5 S & A& &7

1890 | | !
November...aceeeenn-- . 60 1697 019267 6 6 1100.0 30.2
December - ocaeenonenn- ; 156 | 101 ] 66.71 G4 \ 55.3 | 110 | 73 6L3; 65.2

18

Jannary.oceceenaeeene 183 ] 103 | 54.8 91835 119 59 1 49.6 53.5
February .oeeeee-eaen- w8 | 965 | 701 A4 ] 6.2 | 108 B0 | 485 | GI.5
MATCH +neeesemnnenee 114 ' 62|04 ] - 2015000 74| R 317 497
APril oneeeeaeennens 0 0 feceen 01...... 16 6§ 37.5 { 37.5
Total onmenronae| 896 | 560 | GL4] 137 | 57,0 1 437 ‘ 920 | 50.3| 59.%
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TABLE V.—PRERCENTAGES OF FORECAST OFFICIALS, YEAR ENDING JUNE 30 1891.
5|28 =288

Officials. Months. EE *é‘ El15g8 |28

ST Rk (BT Sk
i . s August, 1800 .. . 81.5 | 84,2 ’ 62.5 | 78.0
Maj. Dunnwoody Jatnary, 18011121 §3.0 | 85.2 [ 8L7 | 812
Aunualaverago.! 86,4 [ 82.2 | 84,7 {74.1| 817
CAllen....... vemececeoo| July, 1890 . ceaanen-- 86.4 | 78.2 | 3.1 | 63.8 77.4
Capt. Allen December, 1890 -.... 8.7 | 81,2 | @39 | 77.5 | 821
April, 1891 .o o.._.. 8.0 | 74.9 | 82,8 | 67.0 | 74.3
Annualaverage.| 86.7 | 7.1 83.3 [ 70.3 | 79.6
Capt. Thompson ...... ... .| September, 1890.....083.0 | 73,9 | 79.4°| 58.5 | 73.4
iout. Lo, October, 1800...... .. | 98.5 | 77.1 {'83.9 | 7.7 | 80.4
Lieut. Glassforc Fobruary, 1891 ... 90.4 [8a.2 | 87,9 | 69.7 | 827
Aunvalaverage.| 89.5 | 80.7 | 5.9 1 70.7 | 815
Prof, Abbe....; _____________ June, 1891 .......... ‘ 83.6 | 72.1 | 78.9 | 41.5 . 682
Prof, Hazen ...... veeeee-n-.| November, 1800. ... 88.8 | 82,4 | 86.2 [ 69.9 1 8L.5
rol. Haz March, 1891 ... ...... 7.2 [ 73.0 | 81.5 | 821 | 81.7
May, 1801 ... ...... 88,8 | 80.3 | 85.4 | 73.0 | 8L 9
Annualaverage.) 82.3 | 78.6 | 84.4 | 75,3 | 8L.8

jont, FinloV. ceeeoeonannnn. July, 1890 . ......_... 95.9 | 79.1 1 89,2 |....in.o..
Lient. Finloy August, 1800 .11 94.0 | 70.6 | 8ai2 11111
September, 1800 ... .. 02,4 | 80.1 | 87.5 jecucacieace. .

October, 1800.._. ... 93.4 1 74.8 | 86.0 |veneee]eennn.

November, 1890.. ... 9.6 [ 89.9 [ 92.7 |...ooloes .

December, 1890...... 8.0 186.5 | 88,01 ... ......

January, 1801 ..____. B7.7 1 88.6 { 88,0 [eeeee|emunr.

February, 1891......, 85.287.1186.0 |vveeee|eanen.

¢ Mareh, 1201 ... ... 87.4 179.7 [ 84,3 1. ... ......

A April, 1891 L T 80,0 | 78.9 | 85.0 |.oeo|iiil

| May, 1801 . ... .. 1899 75.0 (&30 |. . 1T

June, 1891. ... ... 190.1|86,0|83.8|..... I PO

Aunualaverage.| 90.7 | 2.2 [ 87.3 1......|......




APPENDIX 3.

[Part 2.]
WEATHER FORECASTING AT TIE SIGCNAL OFFICE JUNE 80; 180%

On July 1, 1891, the dutics of the Signal Oflice wero divided, a part going to the
Signal Corps proper and another part, that relating to the weather, was transferred
to the Weather Bureau. It has scemed advisable Lo note a fow of the more salient
points and principles that have been establishod by the Sigual Oftico in its work of
forecasting the weather. It has been suggested that this work is douo by intuition,
and tbat it would be almost impossible for a good forecaster to impart his knowledge
to another. This view needsa littlo oxplanation, I think. It meaus that long years
of practico are needed to enable one, at 2 moment's glance, to grasp thoe moro im-
portant points on a weather map, and to detormine just what the indieations are for
the near future. It means that we can not draw up n formula into which we can
enter certain quantities and then solve the equation. Whilo a forecastor learns by
practice to read a map qnickly, yet, I think, if called upon at any time to give a
roason for a certain forecast he would be able to explain his train of thought, though
at the moment it may have come to him withont.a long study.

My own experience in this work has been since September, 1887, only. I found
that no general principles had been laid down, and that it was necessary for each one
to work out his own principles by a study of the maps. It must Le admitted that
there was a certain advantage to Lo gained in this experience, for by it one does not
get his information second hand or ina way which he wonld {ind it difficult to apply,
Dut he learns the work littlo by little, and by repeated failures finds just what he 18
able to tell fairly well and just where the doubtful points are. To my miund, how-
ever, there are certain fundamental ideas which can be written out quite easily and
which will be of great help to a beginuer in this worls.

AVERAGE CONDITIONS ONLY T¢) BE IPREDICTED.

First. We can hope to predict average conditions only. That is to say, taking
five hundred maps in any montl, the person who could go through those maps and
make the Lest predictions, taking them as a whole, would be the most successful
forecaster. Another person might do botter on a hundred of the maps, but he could
not take up a new map for that month and do as well as the first. The importance
of this point mny not at first be recognized. It is very essontial to fix distivetly in
mind that one must expect to forecast on an average condition only. If ho finds a
particular caso in which he has failed he must learn to feel that were o similar case
to come up, or even the very same case, he would make exactly the same prediction.
1t scems to me the best goal to set Lefore one in forecasting is to boe able to make the
same prediction, from the same map, over and over again, no matter how many months
have intervened betsween the trials, and though cach attempt should give not more
than 70 per cent as a resulr, for I fecl suro thero are such maps. 1f a person finds
lie Lias failed in any particnlar case and tries to apply that seemingly new principle
on g subsequent apparently similar map, e will again fail, because the original fore-
cast dependod on an average condition and the sceond map was an averages map.

A goud example of this principle has been recently called to my attention by Prof.
Carpmael, of Toronto, Canada. Several years ago one of his forecasters predicted a
thaw on a map that had overy appearance, as Prof. Carpmael thonght, of a hard
freezo ; but suro enough the thaw came. Two or three years aftersward another
forecaster in examining the old maps came across the above abnormal case ; and it so
Lappened just about that time he had a map oxactly like the former, and becauso of
the sucecess in the former case hie predicted & thaw. When Irof. Carpmael saw the
map he decided at once that there would be u very severe cold wave, and oalling
the attention of the forecaster to what the map seemed to indicate, he was shown
the previous map on which the prediction of a thaw had been successful. In the

o7
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second case. however, there was a very liard freeze, ouo of the worst of the whole
winter. This would also scem to show that we caunot predict very satisfactorily
upon the idea of types, but every map must ho studicd on ity merits alone, without
trying to find a previous one that looks almost cxactly like it.

PERSISTENCY OF WLATHER. CONDITIONS.

Another prineiple to be borne in mind is that prevailing conditions are, as a gen
eral thing, more likely to continue than to change. Wo have common proverbs
which enforce this principle, *“all signs of rain fail in & dry time;” “it will not stop
raining tilt the moon changes,” ete, It will be ropcatgully found that when clouds
are breaking away after a long rain it is unwise to forecast clearing for at loast
twelve hours. This is specially true for the lake regions and the wountains of the
east part of tho country. Oune of the tirat rules that a forecaster leidrng iy that ho is
likely to anticipate altogether too much rain, and thatthere is often a remarkable per-
sistency in fair weather conditions, KEven after clonds come up in the southeasy
quadrant of a storm, unlessrain hasalready begun falling to the westward, it is very
dangerous to predict rain. This is espeially the case if the high area in front of the
storm has any tendeney to the south or southeast.

FORECASTS CAN NOT BE MADE ON GENLERAL LAWS,

The ordinary theory is that rain is generally caused by the condensation of moist-
ure in an ascending current’of warmw, moist air. 1t is certain, however, that no use
whatever ean be made of this theory in forecasts. Rain certainly does not occur at
the centers of our storms where we wonld naturally expect thie strongest upward
tendency. It does fall frequently in the southeast quadrant of storms, but even this
rule can not be followed in forecasting rain for the reason that the distauce from the
center of tho storm i very uucertaiu,and often there is no rain to the southeast.
The only sate rule to follow is to locate, 1s near as possible, tho position and extent
of rain areas which have already Logun, on successive maps. Oftentimes when
scattered light rain has ocenrred in any region ono feels very certain that rain is sure
to occur at some points, but it is much safer not to try to prediet thoe particular locali-
ties, but to leave out the rain prediction, for the reason that one is just.as likely to
put the “rain’ exactly whero it does not oceur, and the ¢ fair ” just where it rains,
"This is especinlly the case west of the Mississippi River, and wherover theroe is not
much rainfall.

NOLTHERLY CURRENTS MEETING SOUTHERLY.

There is a single partial cxception to the rule that rain can not bo predicted on
general principies, and this is when thore is foreseen a marked movement of the air
from both north and south areas toward each other. This oceurs whon a high area
Liovers over the Southern States and a partial trongh is formed with another high to
the north. Undor these conditions, which ordinarily might bo anticipated tobgivo
the clearest weatlher, clouds will frequently arise and light rains will fall. Even
liere, however, great caution is needed, and it is goncrally safer not to try to forccast
rain unless ono has socn rain already falling. ‘This is especially the case in the colder

months of tho year.
LOCI OF STORMS,

It will be found that at certain times there is a romarkable persistoncy in the occur
rence and beginning of storms in certain well-defined localitios. Ono of the best
marked of these is in west Texas, another is over Lakoe Michigan, still another over
North Carolina. Thoe latter often moves to tho Middle Atlantic coast. In such cases
storms seom to hover around these loci, oftentimes rain will cmanate from a low aroa
and spread over the whole country without auy motion whatever of o low-pressuro
area. Such rains are the most diflicult of all to predict, and occur usually at a timo
when the upper movement of the whole atmospliere is very much diminished. In
fact, it may be laid down as a gencral rule that when there is o rapid movement of
storms aud high areas across tho country tho weather and temperaturo are far easier to
predict than when this movement slows down., Inthe former caso storms are much
more likely to clear up clean and ot leave straggling showers, the temperature, -
especially, runs in much more marked contrasts, and its changes are far casier to
foreocast.

RAINFALL ON THRE GULF COAST,

Rain on the Gulf coast does not follow any rulos at all except that if it has hegun
seewingly in the conter of u fair condition onc can not with safety predict anything
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but showers, and continue this prediction until the rain has ceased, This is espe-
cially true of Iflorida. A remarkable weather condition sometimes prevails on the
Gulf, and this has not as yet been thoroughly studicd. During times of prolonged
drought iu the Gulf States it will be found that rain is often much more likely to
occur iu the intertor than on the immediate coast. ‘I'his is especially true in hot
snmmer weather., On the immediate lako shord it is generally safe to predict show-
er? on the approach of well-marked low areas, though even this is not an invariable
rule,

SUREST CONDITIONS T'OR FAIR WEATHER.

There are certain remarkablo econditions under which one is always safe to predict
fair, even though the skies are very threatening and a strongly marked low area is
advancing. These conditions are wheu a ligh area of great magnitude movessonth
or soutlheast from the northwest and is followed in the extreme northwest by o low
area of seemingly great intensity. Often the barometric gradicnt bocotnes steep
enough to give winds of 40 and 50 miles per hour, aud everything betokens a_vory.
severe storm. Nevertheless no rain is likely to ocenr in front of the storm, and this
condition will continue until the high area begins to give way and tho southerly
wind dics down to almost 2 ealm; after thatrains may be expected, espeeially in tho
lake regions and on the Atlantic coast. This condition, however, must Le carefully
distinguished from another which at first sight seems analogous, but which gives
entirely different results. This is when the high area in front of the storm takes an
casterly trend, the winds from the latter are more easterly and cooler, and as a con-
sequence rain immediately begins in the lake regions and persists for a long time, or
until the storm has comvletely passed over, or tho high arca has tinally taken a south-
erly tendoncy. ’

RAIN IN HIGH AREAS OR THE REAR OF STORMS,

A rather remarkable accompaniment of theso conditions just described is the occur-
rence of rain in the rear of the storm. ‘This is one of the safer predictions to make,
although seemingly directly contrary to all the principles of forecasting to which
one Lecomes accustomed in the Iast.  In the Atlantic States it is well known that
while tho storm is still to the westward southerly winds spring up, bringing move or
less rain, but after the low arvea has passed by ratherstrong and very dry, cold, west,
and northwest winds come in and the sky ¢lears almost immediately.  On the coun-
trary, in the West, the warm southorly winds are very dry and no rain oceurs in front
of the storm, whilo the cold west winds bring on rain which frequently persists oven
to the center of tho high avea. It scems probable that the proximity of the Atlautic
Ocean in the former case and of the acific in the latter may account for these dif-
ferences. ‘I'he movenient of the clouds in tho rear of the westorn storm is from the
Pacific, as may be seon readily on the cloud chart, and this indicates a tendeney for .
moist currents from the Pacific to blow into the rear of the storm, Gen. Greely bas
sngurested that meist enrrents from 1Tudson’s Bay may also blow to the north of the
storm and then cireulato te the rear. Many morestations to the north and west will
be needed to satisfactorily acconut for this anomaly, Xt is well known that in
Europo more rain falls in the rear than in the tront of storms, and in this case the
ocean lies to the westward.

RISING PRESSURE 10 THE SOUTIL'

Gen. Greely, in ““Ametican Weather,” has suggested a rule that when the pressure
Legins rising to the southwest it will shortly clear away in regions toward the north-
cast, if it has been raining or threatening thero.  This rule is true in any part of the
country, provided there 18 a sort of spontancons rise in the pressurc; 1 mean a rise
not accompanied by a high avea; but it a high area pushes south and the prossure
rises on that acconnt, the winds mnst first get well into tho southwest and rather
stroug before thie sky will thoroughly clear.

VERIFICATION OF WEATIHER PREDICTIONS.

It is well recognized that in a month whero rains are frequent and when they are
more or less spontancons; that is, when thoy do not accompany well-marked storms,
it is very much more dificult to forecast the weathor than in other months when
thero is a strong persistency toward fair woather. The public, however, lose sight
of these fucts, and are inclined to measure thoe ability of one in 1anking forecasts by
the percentage whick is accorded -in hismonth,  This may be partially obviated by
allewing for the rainy in any wonth. In any ease, howover, the true method of
verilying a prediction would seenm to be by experts frow the map on whieh the pre-
diction was based rathier than on the resulting weather,
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LOCAL FORECASTS.

It seems probable that a wrong impression has gone abroad regarding the errors
which arise in making forecasts at the central ofiice in Washington. 1tis thought
by many that serious failures have ocgurred from neglecting local signs. It ecan bo
shown readily that 95 per cent of the errors are due to rapid changes in the greater
or moro general movements of the atmosphere, and not to the veglect of local causes.
These greater movements may be more carefully studied at a central office by exports
than by local forccasters at their stations. There is a slight advantage which the
local forecaster Las, in that he can make his prediction three hours later than the
main office, Lut aside from this there would seem to be a greater advantage at the
central office than on station.

H. A. Hazgx,

Professor of Meteorology.



APPENDIX 4.

REPORT OF FORECASYS OF COLD WAVES.

WasHINGTON CITY, Junc 3\0, 1891.

S : I have tko honor to report as follows on thespredietion of cold waves from Oc-
tober, 1890, to April, 1891,

Cold-wave signals are directed by tolegraph from central offico in Washington City
to be hoisted at various stations throughout the country whon the weather wap in-
dicates the probable occurrence of a sudden fall in tomperature going about as low
as freezing point.

Temperature-fall warnings are sout to plices by tolegraph when the falls antici-
pated are just on tho verge of what would justify # cold-wave warning. No signals
are displayed for temperature-fall warnings. They are sont with the woeather fore-
casts, and consist of definite statements of what the full anticipated will be in degrees
and what the temperature will be at its lowest,

A cold-wave warning is considered justified in difforont ways in diflerent parts of
the country.

In the States of Minuesota, North and South Dakota,and Montana a cold-wave
signal is justified when there occurs a fall of tompurature of 20° or more in twenty-
four hours, going to or below 320,

In the States of Wyoming, Colorado, Kansas, Nebraska, Towa, Missouri, Wisconsin,
linois, Michigan, Indisna, Kentucky, Ohio, West Virginia, New Yorl (except New
York City and Long Island), western Ponunsylvania, Vermont, New Hawmpshire,
Massachusetts, Connecticut, Rhode Island, and Maine a cold-wave signal is justified
}Vhen the fall of temperature in twenty-four hours is 18° or more and goes to or below
340,

In New York City and Loug Island, eastorn Pennsylvania, the District of Colum-
bia, the States of New Jersey, Delaware, Maryland, Virginia, North and South Caro-

ina, Tennessee, Georgia, northern Alabama, northern Mississippi, northern Louis-
fana, the Indian Territory, Arkansas, and Toexas (except a strip of cohntry 100 miles
wide along the coast), & cold-wave signal is justified when the fall in temperature in
twenty-four hours is 16° and goes to or below 3(°, except at Charlotte and Wilming-
ton, North Carolina, Charleston and Columbia, South Carvolina, Atlanta and Savan-
nash, Georgia, Montgomory, Alabamna, Moeridian and Vicksburg, Mississippi, and
Shreveport, Louisians, where & fall of 169, going only as low as 40°, justifies a cold-
wave signal. i

In ascortaining whethera cold wave is justified the temperature changos aro used
oceurring in the period of thirty-six hours after the time the signal is ordered hoisted.

A fall of temperature of 22° in thirty-six hours {after roduction for dinrnal range of
temperature), ora total fall of 258 in forty-oight hours, also justities the display of a
cold-wave signal. Tlere was not a single case last season where this thirty-six-hour
and forty-eight-hour condition justified & cold wave, where it was not also justified
by the pther condition. .1t is therofore superfluous as a criterion.

A coldl wave without signal is where no signal is displayed and a fall of 20° or moro
in twonty-four liours occurs over 50,000 square miles of country, and the temperature
goes to or belqw freezing point.

A signal is considered ‘‘ late ” when a cold-wave signal is ordored and justified, and
a fall in tomperature sufficient to justify a signal has occurred at two stations within
the United States at least 100 miles apart, in the twelve or twenty-fonr Lhours endiug
with the observation preceding the order. A late signal is given a weight of 75 por
cont in verifying signals. .

‘Pemperaturo-fall warnings of 209 or more in twenty-four bours are considered ver-
ifiod when the falls ocenrring twenty-four hours after the warning are 16° or greater.
 The temperature-fall warnings of 10° to 14° are considered justitied when the fall
ju twenty-fours after the warning is 10° or more and the temperature goes below 32°.

Tho number of cold-wave signals displayed at the various places throughout the
country in the different months, the number of signals verified acoording to the above
rules, and the nuber of sovero cold waves withont signals are shown in the follow-
inge table,

During the whole season there wore no ‘“late” signals. o
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Stations.

| Displayed.
, Verified.

Portland, Mce...ooveeaaean

Boston, Mags.....ccouvne. U

Manchester, N. H ........
New London, Conn.......
New Haven, Conn........
Albany, N.Y . .....o..oo0

New Yorlk City, N.Y...... ..
Harrisburg, Pa...cocaeaoof.

Philadelphia, P2 coceee...
Baltimore, Md...-...
Washington City.

Lynchburg, Va. cceeeeeeul...

Richimond, Va....ccaaaae
Norfolls, Va ..cccecevenans
Cliarlotte, N.

Raleigh, N. C ....-ccceeonfil.
Wilmington, N. C ... ... .

Charleston, S.C ..........
Columbia, S.C.ccvenvana-.

‘Augusta, Gay .. coeeeninnn. B

Savannah,Ga ceeeniennn-n
Atlanta,Ga .. ceneen s

Montgomory, Ala - ... .... .
Vicksburg, Migs ..caeeonen .
Oxford, MisS.. ccccnceennnn R

New Brunswick, Mo ......
Meridian, Miss.....co. ...
Shroevepolt, La . .cceaa...
Fort Smith, Ark
Little Rock, Atk
Abilene, Tex...... ..
Memphis, Tenn ...
Nashville, Tenn. ...cco ...
Knoxville, Tenn .

Chattanooga, Tenn -...... :

Louisville, Ky ceeceevnnan.

Indianapolis, Ind . ........ 9

Cincinnati, Ohio..........
Loxington, Ky.coaaoaaaio
Columbus, Ohio. ... ... ..
Parkersburg, W. Va. ...,

Pittsburg, Pa oo oo ool ..

Oswogo, N. Y .ooceiiia.
Rochester, N.Y ........_..
Jthaco, N. Y eeeneeeaenaaan.
Buftalo,N. Y. o.ooeoooo.
Frie,Pa........ PR eee
Cleveland, Ohio ..........

Sandusky, Ohio. ..o ..., §

Toledo, Ohio..cvenoaaa...
Detroit, Mich.......c....
Port Huron, Mich._.......
Lansing, Mich ............
Alpena, Micl ... ... ...

Sanlt St. Marie, Mich ...\ |7
Marquette, Mich...... ... ..
Green Bay, Wis.cveaueenn] 1

]
.
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CoLp Wave SigNaLs—~Continued.

N
(Z1]

Nov.,l Dec., | Jan., Feb., Mar., 8

190 | 18007 | 1894 | 1801 | 1801 Total. | &2

[ DU ———— [

. =l | ; = = = =

Stations. | .3 S .18 R .18 . 1B

P PR 2 = [P hl= 0=
IR AR A REAE-AE AR RE T

a2l 2|2 lal= | alm2|la]ls | 2= =

g 2ls|&|E |2 |E|2|5 2|8 EF

a - ll Rl 8|+ |- |B |18 |> 8"
Chicago, 11l coeverveaanaan 1...} 2! 3.0 6] 313 ‘ 1|16 6 1
Duluth, Minn.ceeeeeeacee. 1. 2 21 L] 4] 3| 2j.... 10| 6 1
St. Paul, Minn .oocevennnns vl e e e a8 e 117 3
La Crossc, Wi cccevveenans 1. 2| e ¢ 2| 4} 8} 2. 11| 7 1
Dubuque, 1owi . oooeeeoann oo gl 9 9y 1) 4 4 37 314110 2
Davenport,JIowa ......... 1l...] 3] 2| 3(....1 4] =2l 3] 3;14] 7 3
Des Moines, Iowaveeeeeeena| 1ol 2| 2 31 27 4] 3 2l 2112| 9 3
Keokuk, 10Wa.eeeaeaioaes| 1| 35 2| 3 2 51 4] 2 301656111 1
Springfield, Il coovaenoont o1 2f 1 2] 1 6] 4 3] 2:15] 9 1
Cuiro, I .. oocivnicmeeaans 1. 311 1 1| 6t 4] 4} 3215 9 .....
St. Louis, Mo caceeeconnens 2 ks al 2l 6| 5] 3| 2|16 10 1
Columbia, MO «eeeeeeacans 1.2 e e 1l oy a) 2f 212y 9.
Springficld, Mo ..., I O S S S T I R N A I S 1
Kansas City, Mo -........ 1i..lb 2] 21 211 | ol 4] 2| 2,121 9 1
Wichitg, Kang...ococaeee. 1 ... 2 1 1 1 o] 4 2 111 7 2
Concordin, Knug .........] 1 [ 0 I N R 2 | 1{ 4] 8| 1]....f 91 4 k
Milwaukeo, Wi ceee cannn. 1o 2] 2 I 3 1] 5 2t 30 1] 6.,
Omaha, Nebroooooeeaannn. 1. e el 3] 3] 81 3] 1, 1110} 9 5
Sioux City, Jowa .cooenn.. ... 2 2 30 2 3] 3 ... el 9107 4
Valentine, NobTo......... 1117 2] 2] 3] 2! 1lieai]eee] 7| B 6
Yankton, S. Dak..... 1 I ol 9 a3l o 3| al..cfeeeel 971 7 3
Crote, Nobr .......-. 1o et el 2y o2 30 3] 1y 1 9] 8 2
Leavonworth, Kans L] 2 « o 11 5] 4] 2| 2t12] 9 1
Topeka, KAns «eeeeees oans 1 | il 21 s 4l ] 1j10] 6 1
Huron, 8. Dak.cemanoaaaaif.e o2 ool 1 Lhoado| 5] D 5
Moorhead, Minn coaaaeaaoof. -t | 20201 111 | 1lo.d].eeep 4] 4 11
St. Vincont, Minn. coaaa. -t PR S - IR VR weeaiamealecaalecesy 2 2 caas
Rapid City, S. Dalk ....... 1ot el e el b s S 6
Choyenne, Wyo ...ceeenee T 1] 1) 1| 1heieecidea i 302 3
North Platte, Nobr....... 1 ‘ 1 1| 2 17 21 1 1(....] 71 3 6
Denver, Colo veaeoe-nne UL I N PO S 1 eeeet 1| 14 4 2 2
Pueblo, Colo .eeeeaeaa.n. 1i1] 1§ 1....to.. (...l 1| 1) 4] 3 2
Dodgo City, Kans ........ 1 | doel vy 4ap 31 1. 05 2
Red Wing, Mint..ccocoonn 1.0 3] 21 2 ‘ Al 4l 2y || 2
Minncapolis, Minn....o .. 1 ‘ B IS N BN T IR Al 3 el 1112l 6 2
Grand Maven, Mich ... 1.1 2 b Yoo B 2heceaieeas| 91 4t
Oklalioma, Ind, T ........ = T R I R 2| L 4 1
Tl vnenmenemannnnns 60 |16 12 188 101 378 I-z(;u \11.1 Ig2 |s08 748 l 137

i i I |

Below is given a summary of tho cold-wave siguals displayed in tho variousmonths
and tho temporature-fall warnings.

In the sunumary is alsa given the tempora
ring during the display of cold waves, but which ave not veritied on account of
boing shiort of the verifying temperature ov tho requisito amount of fall. Though
thoso aro 1ot vorified according to the stvict rule, practically considered thoy are not
in overy caso bad failnres as cold-wavo warnings. When the tomperature is Loelow
322, announcements of’ falls of 12° or ovon 10° ure very important.

tuve falls greater than 12 dogreos ocourt
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SuMMARY OF COLD-WAVE SIGNXALS, SEASON oOF 180091,

1890. | 1801. | =

i T - ( 3

 Oct. ‘ Nov. | Dec. i an, ‘ Feb. | Mar. ! Apr.| &
T I
Cold-wave signals hoisted......... l 0 60 158 | 188 | 878 114 | © | 898
Cold-wave signals verified ... ..... leaenn 16 ¢ 103 ' 101 | 266 62 i..... 548
Percentage of Verification .........|.._. -1 26.7 65.2 53,7 | 70.4 | 54.4 ‘..., 61.1
Severe cold waves without 81gn:xls.|.... . 0 64 . 9 ; 44 20 0| 137

! i i i

TWENTY-FOUR HOUR TEMPERATURE FFaLLs wHILE COLD-WAVE SIGNALS WERE Dis-
PLAYED, BUT NOT VERIFIED.

)
26° falls.ooeen el Ll ’ 1

247 fallB. oot emmie e e . i 14,
R 11 § U :
207 fulls..........:

18°
160
140
120

- I : | i

Number of warnings.......oeae... 0, 6 119 119 | 103 74| 16| 437

Warnings verified ..c....ooai.... ‘ ..... b6 T3] 59| S0} 2w 6| 20
5 ; 50. 4

Percentage of vorification .._i._...|100.0 ‘ 61.3 | 49.6 | 48.5 * 35.1 izn.
; i

Temperature warnings in place of cold-wave warnings is an innovation designed
to redace the number of cold-wave signals displayed, and yet give duo notice to the
public of any important temperature falls. ‘The plan worked satisfactorily the past
season. The namber of cold-wavesignals, 803, is less thau that for the years preced-
ing, being 1,203 in 1839-"90 and 1,533 in 1883-'8).

Giving the temperature-fall warnings half weight as compared with cold-wave
warnings the porcentage of veritication of both combined for season 1890-"91 is 59.5.
The percentages separately are for cold waves 61.1 aud for temperature falls 50.4.

In the cases of failure of verifications of temperature-fall wamsnings on account of
insuflicient fall, many of tho warnings come within a degree or twa of boing verified.

The percentage of verification of cold waves for 1889-'90 was 53; for 1283-'80 it
was 56.8.

If all the cold-wavo signals were considered verified by a fall as small as 14¢, the
percentage of verilications for 1890-°91 would be 71.3.

The number of cases of cold waves without signals, 137, was very large during the
past season. Thoe number at 6 places in Now England was 22, and at 30 places west
pf the Mississippi Ltivor, 84.

The total number of places for which warnings are issucd is 94. Easl of the Mia-
sissippi at 48 places there wero 31 cases of occurrence of cold waves withont any
signals displayed. ;\.[ns.t of the cases of cold waves without signals were in the North-
west in tho States of Minnesota, North and South Dakota, aud Nebraska. At Moor-
head, Minn., for instance, f.llCl‘O‘“’CI‘O. 11 daring the season.

The great number of failures in this region is due to the small area of country to
the north and west of it under observation.  For a great part of this region it would
be well not to altempt the prediction of coid waves. ’

A fall of 20° in twenty-fonr hours for the region of Dakota is altogether too small
to bo considered a cold wave. 'The number of such fally in winter is very large.

The proposed method for prediction of eold waves from weather maps, deseribed iu
the last anunal report, was partially used during tho season’s work of forecasting.
The most useful part was found to be the method of finding tho amount of tempera-
ture {ill at the pluce of greatest full. The other parts of tho method could not be
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l?al couveniently on account of the difficulties in the way of making measurements
of the maps.

In the gnses of great cold waves tho telegraph lines are often down and the re-
‘ports get in late, so that tho weather maps are often incompleto at the time the fore-
casts tnust Lo issued. The mecasurements of maps, however, made in the special
cases of cold waves in deriving thoe method were of great use in training tho eye ta
Jjudge with some approach to accuracy regarding the extent of ‘ high” or ¢ low” and
the density of the isothermal lines, which are the factors in determining the extont
and density of cold waves.

Tho investigation of cold waves was not continned during the year and nothing
new was doveloped, iy time being taken up in work pertaining to derivation of
Dractical rules for the prediction of river stages, in addition to routine worlk of the
river and flood division.

Very respectfully,

Gen. A. W. GREXLY,
Chicf Signal Officer.
WAR 9{—VOL IV—=0

T. RUSSELL.



Blank page retained for pagination



APPENDIX s.

RFPORT OF PROFESSOR IN CH.ARGE OF THE RIVER AND FLOOD DITI-
SION.

flood division of the Signal Office for the year ended Jun
The 34,000 increase in the appropriation for the river
of establishing a large number of new river stations.

Year permitted

WasiINGTON CITY, June 30, 1831
Str: I have the honor to make the following report on the work of the river und

o 30, 1891,
and flood division the past

The new sta-

tions were mainly located in Alabama, Georgia, South Carolina, North Carolina,

Virginia, and Pennsylvania.
The number of special vivor s

operation is oue hundred and nine.

are observed daily in most cases the year round, in somo cas

tations of the United States Weather Bureau now in
Observations of rainfall ar¢ made.
¢s for only part of the

Riverstages

vear. In addition to these, regular moteorological stations to the number of twenty-
soven take river observations.

Tho river stages to feet and tenths are sent mos
parts of tho country intorested in the information.

are sent by mail.

The statious are as {

tly by telegraph to the various
In a few instances the reports

ollows, arranged according to the varions sections and the

centers having control; the Weather Burean obsorver at sectiou center is in charge
of all the river stations in section:

LIST OF SPECIAL RIVER STATIONS ARRANGED ACCORDING TO SECTIONS.

Center of section.

Name of station.

l Center of section.
.
|

Namo of station.

Augusta Ga
* Bismarck, N. Dak...
Browusville, Tex.*.

Cairo, 11} ..oean.on.

Charleston, S.C.* ..

Chattanooga, 'l'enn.

Fagle Pass, Tox.
Laredo, Tox.
Charleston, Tenn,
Clinton, Tenn.
Jolmmbia, Tenn.
Docatur, Ala.
Evansville, Ind,
Johnsonville, Tenn.
Mount Carmol, 111
Mount Vernon, Ind.
Padncah, Ky.
Vincenues, Jud,
Terro Haute, Ind.
Camden, S, C.
Cheraw, 8. C.
Colummbia, 8. C.
Lngham, 8. C.
Mount 1lolly, N.C.
Nichols, 8. C.
Tiller’s Ierry, S. C.
Wateree on Conga-
ree, 8. C.
Watereoon Watoree,
8. C.
Canton, Ga.
Kingston, Tenn.
Loudon, Tenn.
ltesuca, Ga.

| Chattanooga, Tenn.
i

Cincinnati, Olio.. .

Davenport, JTown ..
Dubuaue, Jowsa....
Harrisburg, Pa ...

| . Kansas (lity, Mo...

Keokuk, Iowa
- Knoxville, Tenn ...
La Crosse, Wis ....
Little Rock, Ark ..

Memphis, Tenn....

¢ No observations,

Louisville, Ky..... .
Helena, Ark,

Rockwood, Tenn.
Rome, Ga,
Strawberry Plains
Tenn. :
Catlettsburg, Ky.
Charleston, W. Va,
Circleville, Ohio,
Falmonth, Ky.
Frankfort, Ky.
Hinton, W. Va.
Louisa, KXy.
Marietta, Ohio. °
Pt. Pleasant, W, Va,
Portsmouth, Ohio,
Wheeling, W, Va.
Zanesville, Ohio.

Huntingdon, Psa.
Lock Haven, Pa.
Wilkes Barre, Pa.
Manhattan, Kans.
Plattsmouth, Nebr,
8t. Joseph, Mo,

Dardanelle, Ark,

67
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Li1sT oF SPECIAL RIVER STATIONS ARRANGED ACCORDING TO SECTIONS—Conti’d,

Center of section. l Name of station.

Centor of section.

Name of station.

Montgomery, Ala...

Nashville, Tenn ....

New Orleans, La....

Omaha, Nebr
Parkersburg, W. Va.
Pittsburg, Pa.......

Childersburg, Ala.
Claiborne, Ala.
Columbus, Miss,
Cordova, Ala.
Florence, Alx.
Gadsden, Ala.
Sturdevaunt, Ala.
Tallassee, Ala.
T'uskaloosa, Ala.
Warrior, Ala.
Burkesville, Ky.
Burnside, Ky.
Carthage, Tenn.
Alexandria, La.
Camden, Ark,
Delhi, La.
Girard, La.
Melville, La.
Monroe, La.

Brookville, Pa.
Clarion, Pa.
Confluence, Pa.
YFreeport, Pa.
Grecnsboro, Pa.
Jobnstown, Pa.
Lock No. 4, Pa.
Mahoning, Pa.
Morgantown, W.V a
0il City, Pa.
Parkers fLand’g, Pa.
Rowlesburg, W, Va,
Saltsburg, Pa.

|
i
|
|
|
\
|

Pittsburg, Pa

Portland, Oregon..
Raleigh, N. C.* ...

Shroveport, La....

Sioux City, Iowa..
St. Louis, Mo .....

St. Paul, Mion ....
Vicksburg, Miss ...

Washington, D. C.

| Warren, Pa.
| Weston, W. Va.
i West Newton, Pa.

| Clarksville, Va.
Danville, Va.
l Fayettoville, N, C.
i Weldou, N. C.
i Arthur City, Tex.
Coushatta, La.
I*ulton, Ark.
Pierre, S. Dak.
Alton, IIl.
Arlington, Mo.
Beardstown, 111.
Boonville, Mo,
Capo Girardeau,Mo.
Chester, 111,
Hermann, Mo.
Le Claire, Iowa.
Louisiana, Mo.
Peoria, 111,
Warsaw, I,

|
Arkansas City, Ark.
Newport, Ark.
Yazoo City, Miss,
Harpers Iorry, W,
Va.
Muscatine, Jowa.
Washington a n d
Virginia Long
Bridge.

* No observations,

The number of new river stations ostablished during the year was thirty-eight;

two stations, Grand Tower, Ill., and Eddyville,
The new stations are: In Mississippi, Colnmbus
kaloosa, Cordova, Warrior, Childersburg, Gadsden, Sturdevant,
Florence; in Georgia, Resuca, Rome, and Canton; in Kentucky,
Texas, Laredo, BEaglo Pass, and Arthur City; in Pennsylv
Haven, Wilkes Barre, and West Newton ; iu Lllinois, Alton
Cape Girardeau; in Virginia, Long Bridge, Danville,
lina, I"ayetteville and Weldon ; in South Carolina, €
Wateree on the Congaree, Efingham,Tillers Verry,

yoear.

Dakota, Pierre; in North Dakota, Bismack.

There were nine special rainfall stations established during

at Tracy, Minn., discontinued.
The total number of special rainfall stations now roporting is fifty.

SPECIAL RAINFALL STATIONS,

Shreveport section,—Arkadelphia, Ark.

Cairo section.—Lafayette, Ind.; Lo

Green, Ky.

Ky., were discontinued during the
; in Alabama, Claiborne, Tus-

Tallassee, and
Burkesville; in

anin, Huutingdon, Lock
and Chestor ; 1u Missouri,
Clarksville; in North Caro-
amden, Waterse on the Waterce,
Cberaw, and Nichols; in South

the year and one, that

gansport, Ind.; Greensburg, Ky.; Bowling

Chattanooga section.—Rogersville, Tenn. ; Murply, N. C.; Agheville, N, C.; Charles-

ton, N. C.

Cincinnali section.—Kenton, Ohio ; Mansfield, Ohio; Wooster, Ohio; Caunton, Olio;

Ablingdon, Va.; Caledonia, Chio; Clristisnsburg,

Va.; White

Va.; Glenville, W, Va.; Buckliannon, W.Va,
Dubuque section.—Portage, Wis,

Sulphuv Spriugs, W.
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TLort Smith scction.—Springer, N. Mex. ; Eufaula, Ind. T.; Tulsa, Ind. T.

Keokuk section.—Cedar Rapids, Iowa.

La Crosse section,—Chippewa Ialls, Wis,; Phillips, Wis.; Medford, Wis.

Iangas City section.—Culbertson, Nobr, ; Oberlin, Kaus.; Kirwin, Kans, ; Wallace,
Kans. ; Salina, Kans. :

Louisrille section.—Rushville, Ind.; Humtingdon, Ind.; Sidney, Ohio.

Nashville section.—Williamsburg, Ky.

Nt Louis gection.—Ottawa, 1L

St. Paul seclion.—Forgus Falls, Minn,; Fort Ripley, Minn.; Ortonville, Minn.; Al-
exandria, Minn. ; Redwood Falls, Minn.

Washinglon scction.—Woodstock, Va,; Gettysburg, Pa.; Cuwnberland, Md.

Montgomery section.—Lynn, Ala.; Talladega, Ala.

Pittsburg scetion.—New Castlo, Pa.; Ridgway, Pa., Stoyestown, Pa.; Dubois, Pa.

Raleigh seetion.—Oak Ridge, N. C.; Chapel Hill, N. C.; Lillington, N. C.

Anderson, 8. C.; and Elberton, Ga., voluntary stutions, report excessive rainfalls
to Augusta, Ga., witbout compensation.

The new stations established during the year are Lynn and Talladega, Ala.; New-
gn.stlg\.7 l({idgwuy, Stoyeston, and Dubois, Pa.; Oak Ridge, Chapel Hill, and Lilling-

on, N.C.

Telegraphic reports of the stage of water are receiveld daily at the Washington
oftice from tho following places: Shroveport, La.; I'ort Smith and Little Rock, Ark.;
Sioux City, Iowa; Omala, Nebr.; Kansas City, Mo.; St. Paul, Minn.; La Crosse, Wis.;
Dubuque, Iowa; Davenport, Iowa; Keoknlk, Iowa; St. Louis, Mo.; Cairo, I11.; Mem-
phis, Teun.; llelena, Avk.; Vicksburg, Miss.; New Orleans, La; Pittsburg, Pa.;
Parkersburg, W. Va.; Cincinnati, Obio; leouisville, Ky.; Chattanooga and Nash-
ville, Tenn,, and Angusta, Ga.

During the time of high water in the Ohio and Mississippi rivers telegmphic re-
ports in addition to thosoe from the above places were received daily from Charleston,
W. Va.; Lounisa, Ky.; Circleville, Ohio; Lvansville, Ind.; Paducali, Ky.; Newport,
Ark.; Arkansas City, Ark ; and Greenville, Miss.

Definite predictions of high water were made, which were fairly well verified by
the stages subsequently occurring.

The tollowing were the principal predictions and the actual stages:

Feb. 2.—At Cimilinnn.ti the river will rise to 45 feet by the Hth (actual stage, 47.6 feet
on Hth).

Feb, 4.—At Evansville, Ind., the river will rise to 38 feet by thie 8th (actual stage,
28.5 on the Sth, crest,39.1 on 10th); at Mount Vernou, Ind.,river will rige to
41 feet by the 8th, (actual stage, 37.2, crest, 38.1 on 10th); at Cairo the river
will rise to 39 fect by February 11, (actual stage, 39.2).

Feb, 18.—At Wheeling the river will rise to 47 feet by the 19th (actual, 44.6); at
Parkersburg to 50 feet by the 20th (aciual, 44.3 on 20th, crest, 44.6 on 2lst.

Feb, 20.—At Cincinnati the river will rise to 50 feet by the 24th (actual, 56.7); at
Louisville to 26 feot by the 25th (actual, 30.1 on 95th ; crest, 32.2 on the27th);
at Bvansville to 41 by Februaly 238 (actual, 42.6 ; crest on March 2, 42.8); at
Mount Vernon, Ind., to 43 feet by the 28th (actual, 43.1; crest, 44.1 on March
3). The large error in Cincinnati stage was due to the roports from Charles-
ton and Louisa being late. The prediction was based on estimated read-
ings that were too low.

Feh, 21.—At Cincinnati the river will riso to 54 feet by the 24th (actnal, 56.7).

Febh, 23,—At Vicksburg the niver will rise to 43.4 feot by March 2 (actual, 43.8).

Feb, 24.—At Cairo the river will risoe to 47 foet by March 3 (actual, 46.1).

The following special river bulletins were issued :
SPECIAL BULLETIN.

WASHINGTON Crty, February 25, 1891—11:30 a. m.

Iigh water is impending in tho Mississippi River below Cairo. The highest water,
57.3 toet, oceurs at Cincinnati to-day, February 25, there haviag been o rise of 16
foet in the past six days. :

The Upper Olno, the Kanawha, and Big Sandy rivers are falling. The Arkansas
River is stationary, at a medium stage.

The ‘Tennessoo is at a stago of 20 feot at Chattanooga, a vise of 13 feet in four days.
The Cumberland at Nashville is 24.4 foot, n vise of 3 foetin threo days. At St. Louis
there has been a rise of 5 foet in one dRy. At Cairo the stage of water is 44.3 feet
and rising. By March 3, a stage of 47.5 feet muy be expected at Cairo (actual
stagoe, 46.1; crest, 46.2). .

A comparison with tho high stages of previous years shows that tho followuéﬁ
stages may beexpected at places along the lower river: Mewphis, 34 feet by Mar
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6 (actual, 34); Greenville, 40 feet (aotual, 40.2) ; Helena, 43 feet by March 7 (actual,
42.9); Arkansas City, 45 feet by March 8 (actual, 45.4); Vicksburg, 46 fees by the
10th (actual, 46.1); Baton Rotgo, 34 feet Ly tho 12th.

A cold wave is sweeping ovor tho country from the West, and it js not likely that
rain to any considerable amount will fall in the Ohio valley in the next few days.

SPECIAL RIVER BULLETIN.

WasHINGTON CITY, April 2, 1891—4 p. m.

The lato goeneral rains will, it is probable, have but littlo effect in the Lower Mis-
sisgippi River. It is estimated that the river at Cairo will rise ahout u foot aud o Linlf
in tho next weelk, carrying tho stage of water there to about 45 feet. ‘Thiscan scareely
maintain the present high stage of water in the lower river (48 toet at Vicksburg),
and it is likely that the further risc there, if any, will not be more than a fow tenths
of a foot. !

At Cairo the stage reached April O was 44,3 feet; it was 44.8 on tho 6th, Tlere
was very little or no subsequent rise at Vicksburg, tho highest stage, April 3, being
43.1 feet. 'The high stage ot 48 feet continued at Vicksburg until April 12,

Thero was general satisfaction with the river predictions the past year. The fol-
lowing is an extract of a letter from the owner of the Evansgville, Lud., Journal:

FEBRUARY 21, 18)1.

I want to thauk you for your prompt telegrams and more especially for bulleting i
time of danger.

Our people are placing more contidenco in the Signal Service, both as to weather
and river reports. Most of the stock and property along the bauks has been re-
moved and there is no excuse for ownors wlho lose auything, for the warnings of the
department have given them plenty of time.

JNo. 1. McXNeELY.

During the high water along the Lower Mississippl River special roports were for
a time furnished from a number of places to the engineers in chavge of the levees
and to various interested communities in the threatoned distriet.

There way veory little damage done by the high water in the Lower Mississippi Val-
ley. Very few breaks in the levees occurred. A crevasse 50 feet wide occurred in
Concord levee, East Carroll Parish, La., March 215 tho.Ames crovasso opposite New
Orleans was 400 fect wide., A break in levee 200 feet wide occurred at Loagowood
30 miles south of Greenville, Miss., April 4. ° !

During the year thers was prepared in the river and flood division by millio-
grapliic process the ‘ Stagesof the Mississippi River and of its priucipal tributarios,
except the Qhin River, 1860 to 1889, inclusive, Part 11,” cotitaining 523 pages, and
also “ Stages of water at miscellaneous viver stations in California, Ocegon, North
Carolina, etc., 1875 to 1889, inclusive, Part u1,” coutaining 143 pages, =

Torty-four copies of ench were produced. The copies hiave been distributed to o
number of Sigunal Service stations, to a fow important public Jibraries in the region
of the stations, and o various engineer officos, to the Mississippi River Connnission

~gand to the Missouri River Commission, 7

Tho volumes of river stages, Parts 1, 11, and 11, contain all the river stagos oh-
served by the Signal Service up to Janunary 1, 1899, except at places for which the
stages have already Leen printed by the Mississippi River Commission.

. Tho very considerable work of: arranging, copying, typewriting, and nilliograph-
ing the river stages and searching the records for notes of Losuch-mnrks, heights,
changes of gange zeros, etc.. was all done m tho river aud flood division by Miss
Carrie M. Cooke, Mr. W. . Portor, aud Mr. George C, King. ’

+ Progress was made doring the year in deriving from the bick rocords of river stazes
practical rules for the prediction of slood stages av various piaces from the stapcs
observed at poiuts on the river above them. Tho rales with the principal stages and
changes on whicl they are based are given in the paper horowith submitted.

. The rules are empirically derived according to graphical processos, the stagos and
rises at a place daring the oceurrence of freshets boing conpired with tho staves and
rises just preceding at points further up the river. A principle used was that i
of u cortain number of feeh at anupper station has greator power to prodico : rise
at poiuts lower down tho stream—the greuter the stage at the upper point; wnd that
the higher the water stages at lower points the less efficient will the rises at the
upper stations bo in producing vises at puints tower down.  ‘Tho measnre of eflicicney
arbitrarily adopted was to consider it proportional 1o the rise multiplied by the aver-
age stage at the place during the rise. No doubt it wonld be more accurate, and tho
rules for predicting rises could bo somewhat improved Ly considering the ofticicney
proportional to tho rise multiplicd by the moun stage plus a constant for each place,
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The zeros of the Weather Bureau river ganges are all very nearly at tho level of low
water for the places, usnally within a foot or less. .

Tho relative cficcts of rises in various tributaries in producing a rise at a point
lower down wore ascertained by trying fivst onu sories of coefficients and then another
until one was found to satisfy tolerably well all the obgervations of rises during the
time for which thero are yecords of stagea. 'Tho relative eftocts of different rivers, it
might be supposed, would be nearly proportional to their drainago areas. This, how-
ever, was not found tu be very elosely the ease.  Tho averago rﬁor,ms of the ground
in drainago basing and the permeability of soil determine largely the relative eftect
of rivers in producing floods.

In paper submitted herewith, prepaved during the year, is given a list of the places,
dates, and amounts of rainfall in 24 hours greater than 4 inclies.  These, sbout 1,640
in number, chronologically wrranged have been taken principally from the Mouthly
Weather Review.

Au increase in the nnmber of river stations being authorized by the increased ap-
propriation for the river und tlood division the past year, in ovder to ascertain the
regions of the country best entitled to river ganges, the regions most subject to over-
flow being considered to bo such, a cataloguo was made of all tho floods noted in the
issucs of tho Monthly Weather Review sinco the commencoment of the Signal Serv-
fce. The paper is on lile in mannscript 1 the river and tlood division.

Fxtracts given in paper submitted herewith wors made of all the principal rosults
of moagurenients of river discharges given in the anunal veports of the Chiof of
Engineers, U. 8. Army, and also other information of value from the reports and
other sourees relating to rivers. This will be of service in the work of predicting
river stages,

Rainfall observations at present are of very little value iu river-stage predictioas,
An investigation Lias boon begun to determine just exactly what use can boe mado of
them. Only slight progress has as yet been mado on the work. A chart of the Mis-
sisaippi Valley above Cairo, and anothor of the valley between Cairo and Vieksburg,
were prepared, on ascale of yuahqau, showing lines of equal water travel by river to
Cairo and Vicksburg by all the large watoer-courses in basing.  The lines are one day
apart. One of the maps extends about fourtsen days from Cairo on the oast and
eleven days on the west. This comprises all the Ohio Valley, the Missouri Valley to
Omalia, and tho Upper Mississippi to St. Panl.  Inostablishing thelines of equal travel
1 velocity of water was adopted eqnual to the velocity of the Ohio River at Paducah,
Ky., at an average stage of the river. Somo fraction of the rain that falls in the
areas of counfry between succossive travel hnes reaches Cairo at approximately the
Samo time. Tho rain in snceessive areas reaches Cairo upproximately on successive

ays.

The areas Letween snceessive day travel lines on the map arve divided into minor
areas according to drainage basingand other features of tho map.  These areas, about
104 in nmmbor, have been measured with a planimoter.  They vary from o fow huun-
dred square miles in area in somo cases to 2,800 in others,

The wap contains the names of all the Weather Bureau moteorological stations, all
the spoecial river and rainfall stations, aml a selected number of voluntary rainfall
stations ag nearly as possibls equally distributed over tho conntry, taking only sueh
as are now inoperation and have n rocord extending over at least two years, There
are in all about 450 stations on tho map in the drainags areas undor consideration.

1t is proposcd to plot evory daily rainfall en maps of this kind, a map being taken
i\'})x‘ each day beginning with 1882, the yeav of great flvod in the Lower Mississippi

alloy.

The rainfalls of all the special river and rainfall stations from the opening of the
stations up to January, 1591, have been tabulated, 1 page to a year, on form No, 174,
and eomprise 1,348 pages,  ‘The rainfall of voluntary stations has not yot boen ar-
ranged and only very littlo of the rainfall at any of tho places has ag yet boen plotted
on the maps.

By the plan of juvestigation adopted i6 15 expeeted to aseertain the relations bo-
tween the quantity of raintall, its distribution in time and spacoe, and the subse-
quontly occurring stages of water at Cincinnati, Cairvo, St. Louis, and Vicksburg,
These rolations will bo of use m eonnection with the river-stagoes in estimating high
stages of water in the future in the case of excessivo or widely extonded rainfalls and
show just to what extent rainfalls can be made useful in flood predictions.

The prediction of river stages at a place from the observed gauge roadings at
places farther up the river cin not ho made with any very groat acenracy on account
of the water entoring the river betweon the gaugo stations, The probable error of a
predicted stago at Cairo according to the rule for predicting now in useis about +£1.2
foet, The largest error ever lilely to ocenr may bo taken as abont 3 feet. Above
Cairo there is an area of 108,000 synaremiles, the drainage water from which pagses
Cairo but does not pass St. Louis, Cincinnati, Chattanooga, or Naghville. Oun the
gange readings at those places the prediction for Cairo depends,

‘The rule dorived for finding the Caire stage from the stages proceding it at the
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places above it represents what occurs in the average of cases. When the main
part of rainfall producing a rise at Cairo is in the drainage area above Cincinnati,
the rule for finding the Cairo stage wijll give the computed stage too high; when
the greater part of rainfall is below Cincinnati, the computed Cairo stage will be
too low. By means of the investigation indicated it is expected that it will be pos-
sible to introduce a correction to & computed stage depending ou the location, the ex-
tent, and depth of the rainfall areas concerned in producing the rise.

T'he plan for further improvement of river-stage predictions also contemplates the
cauging of rivers, that is, the determination of the qu:lptity of water in cubic fect
per second passing a place for various stages of the river from the highest to the
lowest.

In the act of Congress creating the Weather Bureau ““the gauging aud reporting
of rivers ” is expressly anthorized. ‘The estimate for'the river and flood division of
the Weather Bareau in the appropriation for this year was $17,000. Of this sum
€4,000 waa intended to be applied to the expenses of making discharge measurements
of rivers. It is recommended that this sum, or such part as it may be deemed ad-
visable to apply to river gauging, be used entirely in measuring tho discharges of
the important tributaries of the Ohio River, the Wabash, Green, Kentucky, Big
Sandy, and the npper Ohio at Cincinnati, Parkersburg, and Pittsburg. The discharge
of the Kanawha River at Charleston, W. Va., is now known for a large range of
water stages, and also that of the whole Obio River at Paducah, Ky.

1t is considered that it will bo sufficient for flood-prediction purposes to obtain
discharge measnrements of these rivers for stages about 10 feet apart in elevation.
About four days’ work of a ganging party will be required at each stage from low
to high water. The measnrements will necessarily extend over several years. ‘The
work will require to be done as tho stages occur. It will take about twenty days
work of a gauging party for each station exclusive of the work of computation of
results.

The advantage to be derived from discharge measurements is that practical rules
for flood-stago predictions amd better ones can be established with a shorter record or
river stages at a place than is now the case, where the rules aro derived with refer-
cnce to stages and changes only and without any reference to the quantity of water
passing a place. ‘Tho quantity varies very greatly in different rivers for like river
stages, It requires a long series of veary’ obgervations of water stages with rises
gsometimes in one tributary and sometimes in another, or in two or more of them ut
the same time, in order to disentangle the effect of the various rises, and estimate
the flood-producing effects of each streatu sepavately.

The plan of river ganging proposed is to have the work done by local engineers,
paying a stated sum per day depending on the number of meun emplbyed and tho kind
of boat used in the work, and depending on the extent and nature of the stream to
Ve gauged. The ditticulty of measuring a crosy section and determining the water
velocity will be very different in different vivers. Where a river is not navigated the
nicthod of stretching a cable across the stream and lowering the meter gauge into the
water at points 10 to 20 feet apart along the line will probably be the best and most
economical way of working. Whore there is a bridge across a river, sufticiently good
results for volocity of water can probably be obtained by lowering the moter gauge
from the bridge. . i

Anchors, cables, and in some instances steam launches will be required to prose-
cute the work of river gauging successfully. ]

The meter gauges should be furnished from this offico and should all be of one pat-
tern, the propeller-whasl variety with electric Lreak circuit and solf-register. ;i‘he
standardizing of the meter ganges by dragging at various velocities through the quiet
water of a pond or reservoir should be done at Washington City.

On somo streams or at some points sufliciently good measurements can possibly be
obtained by establishing two stall gauges several miles apart on o straight stretch of
river and leveling between them. Simultancous readings of the gauges will give the
surface slope of river from which in connection with the area of cross section the ve-
locity can be derived. The velocityand the area of a cross sectior: give the discharge.

It will be necessary to have the various locations wlere it is proposed to make
measurements visited by a person to decido on the Lost method of doing the work
and to select competent engineers who will be in readiness when the stages occur at
which measurements are desired.

More than the asual amount of routine work was done in the river and flood di-
vision during the past year. This consisted in the answering of letters of juquiry in
regard to river stages, floods, otc., letters of instructions to observers in rogard to
observations, the opening of new stations, the sending of reports, etec., the examina-
tion of montlly forms of river and rainfall, the pln.ns and correspondeuce relating to
the opening of new stations and tho building of river gauges.

Yery respectiully,
) T. RusseLL,

Gen. A. W. GREELY, Professor in oharge of River and Flood Division,

Chief Signal Officer,
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PRACTICAL RULES FOR PREDICIION OF FLOOD STAGLS OF RIVERS IN'
TIE UNITED STATES.

1
By T. RussrLL, Professor, U. S. Weather Bureau.

To the river and flood division of the Weather Burean is assigned the very impor-
tant duty of predicting the rises to flood stages in rivera over the whole United
States. The predietions aro mide on the basis of observations of rainfall and river
stages at Weather Burcau stations thronghout the conntry.

No definito and dotailed instruetions as to what methods or rules are to be followed
in making the predictions have. ever beon furnished to the person in charge of the
work. A necessary preliminary, therefore, to the making of predictious of any value
is to devise trustworthy rules for the purpose,

Daily observations of river stages have been made at « large number of places for
a great many years. No attempts, however, that the writer is aware of, have ever
been made to ntilize the records in determining rules for river predictions. This was
undertaken by the writer on heing put in eharge of the river and flood division of
the Signal Office by Gen. A. W. Greely in May, 1889, The rules for prediction of
river stages givon Lere are the results of the work as far as it has been carried.

From the low volocity with which water travels, rolling down the sloping bed of
a stream at the rute of 2 to 4 miles an Liour, as a ball rolls downan incliued plane, it
is manifest that some idea can be formed of the height the water will attain at a
place if tho hieight for a point upstream from the place is known, At Cincinnati, for
instance, the stage of river is nearly the rosult of the stage three days before at
Parkersburg, W. Va.

A high stage of water such as 50 feot at Parkersburg, however, is not always fol-
lowed by a perfectly definite high stage at Cinciunati three days Jater, because of
the variable quantity of water coming into the river between the two places at dif-
forent times, and becanso of the rainfall that may oceur in the immediate vicinity of
Cincinnati in the intervening three days.

By taking the average of the stages about the 50-foot stage occurring at Parkers-
burg and the average of tho subsequent corresponding stages at Cincinnati, some
ides can bo formed of what the stage at Cincinnati will be, within cortain limits,
whenever a 50-foot stago or ghercabont oceurrs at Parkersburg. This is roughly the
method by which the tables of corresponding wave-crest water heights given hero
have Leon obtained for varions places.

On u sheet of cross-section paper the average stages aboub i cortain stage were
plotted as abscissas. The later corresponding average stages at a place further down..
stream were plotted as ordinates. ‘The stages were usually groupedl according to the
stago at the upper placo, the means boing taken for all between 15 to 20 feet, 20 to
25, 25 to 30, ote. Through the points obtained by tho intersoctions of the abscissas
and ordinates a curve was drawn, IFrom this curve, for stages 1 foot apart at the
upper station, the stages for the lower station wero taken, which are given in the
tables. From a comparison of the actual stages with the stages given Ly the table,
a acries of residuals was derived for each group of stages.

From the residuals the probable error given forsome stages the number with sign
4 plus or minus was obtained by taking it as 0.85 of the avernge of the residuals,
rogardless of the sign of residual.

Considering @ residual as tho error in a computed or predicted river stage for a
Place, the significance of the probable error iy, that if the residuals, in a case where
they are numnerous, are all arranged in the order of their magnitude, the middle one
is the probable ervor. In onc-half of tho cases the actual error will be greater than
the probable orror and in the other half less. The greatest error in a series of
twenty predictions of stages is nsually about threo times the probable error,

_Tor a river formed by numerous large tribuaries the method of dovising rules for
river-stago prediction best adaptod to the purpose was found to bo by comparison of
the rises at a place with the proceding rises in the tributarics. Long records nre nec-
essary in o case of this kind with rises sometimes in_oune tribntary and sometimes in
another, and with viscs at times in two or more of the tributaries in order to disen-
tangle the effects of the various tributaries in producing a rise in the main stream:

Stages predicted by the rules here given aro only approximations to the stuges that
may be reasonably oxpected. Simplicity and ensiness of application in any particular
case have beon consideroed in preparing the rules, as far as tho complexity of the sub-
Jeet would allow.

_ T'he rules given here were used in predicting the high stages of the Ohiv and Miss-
issippi rivers inthe years 1890 and 1891, und in most instances were found to give
tolerably satisfactory results. They are, however, merely a first approximation,
Improvements can be made as the records accumulate, and even with the records
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.00« available by introducing some slight variations in the method of deriving then

Prodictions ol Tiver stages or tioods are never mada on prospoective rainfall.

No predictions ol floods ave ever mado for streans without river gauges. A river
rarely aises from fow wator (o tood staye from a singlo rainstonn. Floods usunally
result from a great or even a moderate rainfall when ariver is already high.

The distribition of rainfall over a drainase area in thne and space is sometimes tho
determining cause of a high stage of water at a place lower down when thore is an
opportune coincidence of wave crests {rom tributaries.

Augusta, Ga., on the Savannah River is the only place for which as yet a definite
rulo is ventured for the prediction of river stages trom rainfall olLservations alone.

A very groat improvewent in the rule for predicting stages at Pittshurg and St.
Louis it is expected can be made from an analysis of the rainfall observations in the
immedinte draivage arcas of the places,

Tho stage of o river iy the vertical height of itssurface in feet and teuths of a foot
above low water. ‘Ihis is observed by means of a hoard graduated to feet nnd tenths
fastened to a bridgo pior, or laid along the river bank. Tre observation is made by
noting the point on board to which the water surfuce reaches. The zero of a river
gauge is put somewhere near the level of the lowest water that is apt to occur. A
gauge, however, once sot in place amd a record of the stages for some timoe being kept
it is not customury to change the level of the zerooven it the stage of watoer doos g
below the zero. A stage below the zero of a gauge is given with a wminus sige.
When n gauge is first set up it is desirable to put the zero so low thut no low watey
will ever go Lelow it, thus avoiding the occurrence of minug stages which are incon-
venient in use and apt to learld to errovs.

When a gavge is renewed or repaired cave is taken to get the zero back to the same
Jovel at which it was first.  For this purpose, and to ascertain from time to timo
swhether the zero of a gange or any of its marks are settling or changing in level, a
Dench mark is established. A benelh mark is some presuinably constant surface, the
top of some large stone in a bridge pier or some public building, such as o custoni-
house, post-oflice, or city hall. A copper bolt imbedded in the wall of a stone building
is common devico for o beneh wmark.  The difterence in level of the benel mark and
the zero or some other mark on the gauge is ascertained by means of a leveling in-
strutnent.

The duangerline or Hood line for a place is some arbitrarily assumed stage, a vise above
the plaune of which will presumably Lo attended with matorial damage to property
unless the precaution is taken to move goods.

The velocity of water in rivers varies from 2 to 4 miles an hour, depending on the
stage, being swilter the higher the water.  Wator entering rivers after rain vequires
considerable time to reach places along the lower conrses of the rivers, I'roin tke
observed stages AT upper points some approximate iden can be formed of tho highest
gtages that will subsequently occur at the lower points and the time of oceurrenece,

The time of the crest wave in a freshet from Vittsburg to Wheeling is one day,
from Pittsburyg to Parkershurg two days, from Parkershurg to Cincinnati threc days,
from Cincinnati to Cairo six days, from Cairo to Viekshurg seven days, and {romw
Vickshurg to New Orleans four days., The progressivo character of flood waves per-
wit of warning places of a coming high stage of wator,

The rate of progress of a flvod wave does not ditfer materially from thoe average
velocity of the water throughonb a cross section of the river. The fact that the
yiver bed has to be filled by a rige of river exercises uslightly retarding influenco on
the time of a tiood wave.

Tho stages of waler ag many of the placos with river ganges aro telegraphed daily
to Washington City and arc the basis for making river-stage predictions for points
along the lower courses of various rivers.

Tho observed depths of rainfall at plices reporting daily by tolograph to Wash-
jngton City are used to some extent in estimating coming stagesof water. These,
however, are of very little importance for prediction purposes us compared with ob
gervations of river stages where there are two gauges on ariver at a considerablo
distance apart, £0 to 100 miles or so, ’

Very little has been as yet developod regarding the re tion between raintall over
varions drainago avess and snbseguent river stages, but it is bolieved thay something
of importance can he derived, .

The nearer togothor two gauges are on a river the mors aegurate as o rmle predic-
tions of the stages of water can be made from the observed stages at the upper one.
The closer together, however, the ganges are, the mare quickly the stuges succeed
and the less the valne of auy predictions,  To make the predicted stages and warn-
ings of floods of valne to tho public by giving as timely notice as possiblo some
gacrifico has to be made in tho accuracy of the prediction, and therefore gauges are
ehosen for prodiction purposes some considerable distance apart.

Tho length of time river-stage reconts have been kept is very various at diflferent
plucou; gome places have a record tor thirty years or more, while others have not
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bad gauges for more than o year. A recordof several yoars covering the entire range

of water stages from the highest to the lowest, is essential in order to derive rules for

the prediction of high-water stages for o place. The longer the record at two places
for which wave-crests aro dependent the more acenrate the rules can be derived for
obtaining high water.

There are 144 river stations of the Weaiher Burean at which the stages ol water
are observed, in most cases at least onco a day all the year round, ‘T'he publishied
records of river stiuges at the Weatlier Burean stations, and the gange records of the
Mississippi River Commission and the Missouri River Commission havae beon used in
deriving the rules given hero for predicting stages at various places,

The titles of these publications are as follows:

“Regular Gauge Histories,” including readings on Missouri river-gangoes from 1872
to 1836, both inclusive; issued by the Migsouri River Commission,

“ Stages of the Mississippi River from Cairo to Carrollton, Ireliminary to Stages of
the Missigsippi and its Tribntaries,” inclnding readings trom 1871 to 1886, both
inclusive i issued by Mississippi River Commission.

“ Stages of the Mississippi River above Cairo and of the Tributaries of the Misais-
sippi River, except the Missouri River,” including readings from 1871 to 1886,
Loth inclusive; issued by Mississippi River Comnmission, 1839, ,

“Stages of the Mississsppi River and of its Principal Tributavies except the Missouri
River for 1887 and 188< Compiled at the Scerotary’s ottice, Mississippi River
Commission, 188Y.” :

““Stages of the Mississippi River and of its Principal Tribuntaries exeeps the Missouri
for 188). Compiled at the Secretary’s oflice, Mississippi River Commission, 1890,”

£ Missouri River Commission. Stages of the Missouri River from St. Charles, Mo., to
Sioux City, lowa. Cowpiled from Miscellaneous and Regular Gange Records,
1886 to 1339, both inclusive.” Mississippi River Commission print, 15007

“Stagos of tho Obio River and of its Principal Tributaries, IR38, to 188, inclasive.
Part 1. Washington City, Signal Oflice, 1800,

“Stages of the Mississippi River and of its Prinei
River, 1860 to 1889, both inclusive. Part 11, W
Ofiice, 1891.” :

“Stages of Water at Miscellancons River Statious in California, Oregon, North Car-
olina, etc., 1875 to 1389, Loth ioclusive. DPart 1II.  Washington City, Weather
Buarean Otflice, 18)1.”

As arule, better predictions for a placo can be made the greater the part of the
total drainage area above tho upper gauge, the readings of which serve as the basis
for predicting the stages for tho place below it.

It isnot possible to make very accurate predictions of stages for the lower places
owing to the ivregular distribution of rainfall over a drainage basin, and from the
fact that cousiderable volumes of water are in some instances, added to a river by
tributaries coming into tho river Lbetween the gauges.

The predictions of river stages are of three classes.

(1) River-stage predictions from rainfall for a river with only one gauge, as Au-
gusta on the Savannaly, Mount Holly on the Catawba.

(2) River-stage prodictions for a placo from observed stages at o point above whero
there are no large tribntarios coming intg the river betweon, as Carthiage and Nash-
ville from Burnside, and Eddyville from Nashvillo on the Cumbertand River.

(3) River stago prodictions from gaugo readings at upper points where dependent
on the stages in tributaries as well ay in the main river, as Cairo for instanco. de-
pendent on the stages at St. Louis, Vincennes, Cincinnati, Nashville and Chat-
taunooga, and St. Lonis, dependent on stages at Kansas City on the Missouri, Du-

uqune on thoe Mississippi, and Peoria on the Illinois.

The rules for prediction for various places here given have been dorived by empiri-
cal and graphical processes.  In some cases 1 number of methods were tried aud the
ong found to Le best is the one given.

The best method of prediction in the case of a river with tributaries was found to
be the method of comparative corresponding rises,

. T'he higher the river stage at a place tho moro effoctual a rise of & given amount is

in producing a rise at points below it.  For a low stage at a lower point a rise at a

oint higher up will produce a greater riso than when the stage at the lower point is
high, “Tho quantities to be compared iu rises have been taken as tho produets of
the rises by the mean stages during the vises.  This is arbitearily assumed.  Obser-
vations of river dischargo are necessary to givo tho relition of rises aceurately.
. Itisentirely outof the question to deal withriver prediction as a problem in dynam-
ics to bo solved theoretically on physical prineiples.becauso of the complexity
of the conditions involved, the vurying slope, cross seetion, hydraulic depth, tortu-
ousness of channel, ote. Moreover, nn aceurate solution is not to Lo thought of on
account of the varying quantities of wator coming into the river betwoen gauges in
different freshets. ” :

ml Tributaries except the Ohio
ashington City, Weather Bureau
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The most that can be expected, is that the stages prodicted will be somewhere
near what may be expected. This will be a zone of stage rather than any definite
stayge.

The predicted stages for any place are very rarely in error more than 3 feot.

Floods rarely oceur as the resnlt of a single rainstorm causing a river to rise from
a low stage to the top of its banks in one day. Overflows are usually preceded by o
slow steady rise extending over several days, and then a great rainfall carrying the
water to the flood line. Occasionally, however, this does happen, as, for instance, at
Tusealoosa, Ala., when the Big Warrior rose in a single night 65 foet, on March 25,
1381.

No predictions of high waters for rivers withont gauges can ever Lo justifiable
without at least 2.5 inclhes of rainfall observed at three stations or more in the drain-
age basin of a river.

IITTSBURG, PA.

The danger line at Pittsburg is at the 22-feet stage.

The highest water observed was 35 feet, February 10, 1832,

The drainage area of the wuater passing Pittsburg is 19,460 square wmiles, The
stages at six places above Pittshurg are used for estimating the rise of wator at Pitts-
burg for one or two days in advance. Theso stations, with the drainage areas in
square miles above them, are Oil City, 3,720; Brookville, 400; Johnstown, 628; Con-
fluence, 1,380 ; Rowlesburg, 1,320, and Weston, 330.

Thedistances from Pittsburg to these placesininiles and the diffvrences in elevation
of zeros, of gauges arve as follows:

I
Distance. : Elevation.

Pittsburg to— Miles, ‘ Feet.
(08 I 0 % 2 RN 109 318
Brookville coeeveviiiiiis ciiainianen. et tmeaae - e 476
JONNSLOWI « oo it o tarcceane creccccnrreaaacaceaaan =552 451
Confluence ..... Ceeeecencne san e veemmncean e mmmen 72 ! 627
Rowlesburg ..... @ e etecaace e tecececeiaeeeaaas 110 ! 638

Weston ....... e macacraan . 127




REPORT OF THE CHIEF SIGNAL OFFICER. 71

Rises in the riversat these places are followed by rises at Pittsburg one or two days
after. By comparing the mean of thoe crest stages at the six places with the stages
following after at Pittsburg the following comparative stages are obtained :

ey 13 1w a > ~ T )
| =28 g | EES 3 EEE 3
Oow O Cw O 27
-~ -] e Q@ - <
iz, | & [BIE,| 5. | 5
95§ 195357 8 1$37 8 -
n o = - 1 @® (=4 . +2 ") = 73R
B £ | B £s SrE $5
S22 °4g | 522 %z | 82&5E °%G
P @8 & e} £ I &0
g0 S HCH IO z SETO S
2s%z 2 | 2252 7 2o %z 2
sz23 = At s b 2254 =
Smrﬂﬁ fy~4 1EEA e = SRS =
” ~ s R P A
S T S e e |
3.0 8.0 {56 15.6 Eooa2 21.8
| 57 1.7 | 83 | 2.9
3.1 8.3 bos. 1.0 | &4 22,
3.2 8.6 5.9 16.2 LS 2.1
3.3 9.0 6.0 16.4
3.4 0.4 8.6 22.2
3.5 9.7 6.1 6.7 || 8T 92,3
6.2 17.0 8.8 9.4 1.2
3.6 10. 2 6.3 17.3 8.9 22,5
3.7 10.4 i 6.4 17.6 9.0 Q2.6
3.8 10.7 [ o6s 17.8 i
3.9 1.1 | : .1 22,7
1.0 1.6 I 6.6 18,2 lo0e 22,8
|i 6.7 a4 03 | o2
4.1 11.8 6.8 186 5 0.4 922,49
42 | 12 | 6o 8.5 | 0.5 | 230
4.3 12.4 | 7.0 9.0 | )
4.4 12,7 | L 0.6 23.1
4.5 12,9 o7l 193 1 9.7 93,9
| 7.2 19.6 1 o8 23.3
4.6 13.2 7.3 19.8 | 9.9 23.4
4.7 | 13.4 7.4 90.2 | 10.0 | 2.5
4.8 13.7 :‘ 7.5 2.4 | )
4.9 14.0 412 Io10.1 93,
5.0 14.3 | 7.6 20. 6 |l 10.2 93.7
7.7 2.8 1 10.0 93.8
4.5 LA 21.1 10,4 3.9
ES R .7 213 i' 105 | 250
5.3 14.9 oo 21.5 o8 s
5.4 15.2 : i 10, "31.
5.5 | 15.4 i | o1y |
! i

. l"o_bruary 18_; 1891,
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The rise at Pittsburg is greater than the mean riso at the sxx stations in the follow-
ing vatios for differe ut stages at Pittsburg:

Facror ror Prrrspure Rise 1N TERMS OF THE MpEAN RISE AT S1X STATIONS.

Pittsburg | Pittshurg
stagoe. factor.

4 3.61

] 3. 44

6 3.27

7 3.10

3 2,093
Y 2.76
10 2,61

11 2.44

12 2,27

13 2.10

14 1.93

15 L76

A comparison of the wavs crests at Oil City and Confluence and those at Pittsburg
show the following:

PrrrsBsUtRrG CREST,

Confluence (feet).

0. 10.[11.‘12. 13.] 14.] 15.] 16.] 17,

Feel. | KL FL: It ) !bv.?ﬁz.!rv. 1. ﬁv.'za.,Jw. T[Tt F, | Ft

‘.
3 9L e Leeedeacd b o Lo Do 03 | 9g
4|10 010 | Lyl e e L TS
Boo LU | 12003 | 18] 16|20 |...| 22|02 @2 | w2 |l
G.. | 11 | 1011233014 |16 {20 |....| 22|22 |92 92| .. | .| .
7001212 | 13 14 {15 | 16 | 21 |21 |22 | w2 e L3 |l
gl ‘ 14115 [ 17 |21 [ 20 [ 22 |93 |93 03| 00
9ol 14 1415 116118 ez 22 22 |93 | s | e | Il
10|14 147151619 22 |23 23|03 leslagl|
o[ 15115716 |16 [ 20 | 23 124 | 24 [ 24 |24 | 95 (...
12...00..116 11616 |18 [ 21 |94 [ 25 | 25 |25 |25 lap Tl
w1 | 13020 (93 24|95 05|59 |we| oo 000

Vo | T T T T pr
18, . ’ ........ |||| 28

The rise at it sburg as compared with the mean of the rises af Oil
City and Confluence is on the average 2.3 times as great,
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The following are the stages greater than 20 feet at Pittsburg and the
stages at points above for which there are any observations.

GAUGE READINGS.

ater Pitts- 0Ol Brook- , Con- l Rowlcs-'I e Joling-
Date burg. | City. ville. | fluence.| burg. Weston. town.
1874, Fect. Feet. Feet. ‘ Feet, Ieet. Leet. Fect,
1.0 !

Teb 12......... B PR F T 11.6

B ATELY N A DU SIS PO L8 leant, IS SO S
Junoe 8 .ieeeenn enn.. 8.8 2.0 ... RO R RPN R,
Juno 9...ceceennan-. 16.0 4.5 (oot vnas [ ST P RPN P
ADTITYS () R 7200 U DR ORI PO PO U P
June 10 ...vveeenn-.. 25,1 j ELAECT Y R DU J R

Jan. 2
Jan.
Jau.
Jan.
Jan,
Jan,
Feb,
Fob.
TPab,
Fob,

Fob. 18 .
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GAUGE READINGS—Continued.

i
Pitts- Oil | Brook-| Con- ; Rowles- [ : Jolus-
burg. | City. | ville, :fluence| burg. Weston. ., town.
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GAUGE Reapings--Continued.

Pitts- Oil
burg. | City

Brook- :
ville,

Con-

Rowles- ! Johns-
fluence.| burg. Woston. town
Tect Feet. Feet. Feet
........ [ 351 R R,
................. 2.0 9,
5.0 6.4 |oaeeeannn 5.
9.0 9.7 10.0 9.
................. 18.4 11,
10,9 |oeceen-o. 13.6 10.
2.9 [eavcaean-n 1.7 3.9
2.6 5.0 1.4 4,1
7.5 5.0 1.2 6.5
........ 6.0 [eeeennnen 6.3
.......................... 8.9
T 0 T
.......................... 7.3
6.9 5.0 3.5 16.1
12.3 5.7 3.0 17.1
10.1 6.0 3.0 10.8

Where the rises at Pittsburg have extended over two, throo, four, and five days,
the mean rises on successive days to the crests, have been as follows :

Feet.

Treet.

6th to 5th
5th to 4th
1th to 3d

1st to crest

3dt020 e ieeriiincenncncnsocnn [P
20 t018t. ceeecccaecrecnceonsansenannnns

IFeot.

WIHEELING, W. VA,

"The danger line at Whooling is at thoe 36-febt stago.

The 1

iighest water obsoryved was 54 feet on February 7, 1884.

"Tho stages of wator are the rosult of the stages at Pittsbury one day before.

The distance from Whecling to Pittsburg is 71 mniles, The difference in level of the
zoros of gauges is 85.4 feot. .

The following are tho comparative stagos at the places for high-wator crosts:

COMPARISON OF CRESTS A

© PITTSBURG AND WIUEELING.

. -\'the]in;,' ono |; : . | Wheeling one
Pittsburg. day after. Pittaburg. | day after.
" 1
13 18.7 i 23 32.5
14 19.8 41.3 | 24 34.2
15 21,3 25 35.6 4+1.4
16 92.4 26 37.0
17 3.V 27 39.2
18 23.4 238 41.0
19 27.0 ' 29 42.5
20 28,4 B 30 44.5
21 90,8 1.4 31 47.0
22 31.4 II 32 49.0
il

WAR 9]—VOL 1v—0C
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The rise at Wheeling in two days is 1.3 times as great as the rise at Pittsburg i1

the same interval. . . .
The following are some of the important stages at Wheeling with those at Pitts

burg preceding them:

COMPARISON OF WATER CRESTS,

Pittsbury. Wheeling.
Date. | Feet. | Date. { Teet.
. { i .
1883.
Feb. 7.ceeo.oe. 20,7 |eeccerimennann 31.5
Ieb.B..eo...t. 26.8 | Feb. B......... 3.5
Feb, 14........ 12,8 | Feb. 15........ 23,9
Feb, 15........ 19.2 Feb, 16.. ..., 32.6
Feb. 16........ 20.7 | Feb. 17.. ..., 3.2
1834 .
TFeb. 4.eeno ..., D11 | Feboboeoao. .. 23,0
Fob, 6H.........i 15,8 | Feb. 6. ..., 38,0
Tob. 6. .o uenee. I 31,9 | Feb.7......... 46.5
1835,
Jan. I6.... ..., 0.0 | Jan. 16........ 16.5
Jan, 16........ 1.8 [ Jan. 17........ 26,0
Jan. 17........ 220 [ Jan, Iy........ 32,8
18806,
Apr. Hoeeenaan. 13.4 | Apr. 6......... 12,0
Apr. 6..... ... 20.2 | Apr. 6..o.. ... 22,0
Apr. 7. ... €L Apr. Tl 31,3
1857,
Jeb. 11........ 16.0 Feb, 11...... .. 290, 4
........................ Felb, 12........] 20.8
Feb. 12...... 21y | rob. 13........ 35.8
1889,
May 3l........ 4.5 | May 3t... ... 7.4
Junel ........ 19.6 {Junel ........ 7.9
Junc® ........ 218 [ June2 ........ 23,9
1800.
Mar. 22 0.._... 15.5 I Mar. 22 ... ... 17.0
Mar. 23 ...} 223 Mar. 93 ... 26.9
Marv, 24 ....... PULIES Mar, 24 (. ___.. 325
1R01.
Feb. 16........ 9.3 Feb, 17...... .. 25,0
Feb, 17........ 24,2 | Feb. 18........ 40. 4
Feb. 18........ L3 | Feb, 19........] 44.6
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- Two-DAYy Rises,
Pittsburg. Wheeling. !l Pittsburg. Wheeling.
) 1
7.9 5.0 l 12,9 20.6
9.6 1.0 ;
A I A T T I &
' ‘ | 22,0 19.6
4. 4.7 , 13.5 14.3
13.0 16. 3 7.9 8.3
12.2 16. 8
11.9 11.0 \ 17.5 21.5
8.8 13.3 | 5.9 13.5
| 83 13.2
1.2 2.0 i 7.7 10.1
6. < 8.3 Ii 9.3 0.3
10.0 15.7 ' .
5.9 4.4 7.0 15.5
9.3 12,3 || 6.4 6.7
| 7.1 10.7
9.0 9.0 | 5.9 2.7
16. 0 18.6 l
4.5 5.3 ! 0,2 11.7
7.3 10.2 H

Manrigcra, OBI0, AND PARKERSBURG, W. VA,

Marietta is 12} miles above Parkersburg. The river stages at the two places are
nearly identical, ’

The danger line at Marietta is at the 26-feet stage.
. The highest water at Marietta was 52 feet, February 9, 1834 ; at Parkersburg it was
H5 feot.

The distance from Marietta to Dittsburg is 151 miles. The difference in lovel of
the zeros of the ganges is 123 feot,

The water passing Pavkersburg drains from 36,620 square miles.

The corresponding crest-wave stages ab Pittsburg and Parkersburg aro shown in
the following table.

The interval in time is two days.

CORRIESPONDING STAGES AT PITTSBURG AND MARIETTA O PARKERSBURG.

Parkersburg or i Parkersburg or
Tiitsburg. Murictta 2 Pittsburg. Marietta
days alter, days attor,
8 15.2 21 30.3
9 16.0 02 31,7 13.0
10 16.7 224 33.5
21 36.0
11 17.4 o5 37.5 12,2
12 8.3
13 19,0 26 39,2
14 20.5 27 41.0
15 216 28 2.5
20 44.0
16 23.0 30 45.7
17 24,4 :
18 5.0 L 31 47.3
19 27.2 1.5 - 82 48.7
20 2.7 ‘
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Two days between crests.
The average daily rises to crests are as follows:

Feet. | IFeet.

6thtoOth ceeae coii it iaei e iaanas 2.0
Sthtodth o veneie i iecfaaaaa, 3.0
4th t0 B .eccen oo i 3.3( 4.5
ST o T | N 3.7 3.4
2 tolst ...... teeeet e 4,0} 4.0
Isttocrest ..o it iccieeeann 2,71 2.7

Besides the water passing Pittsburg there also goes by Marietta and Parkersburg
water from the Muskingum River, which drains about 12,000 square miles. On this
river there is a gauge at Zanesville, 65 miles above tho mouth.

The cbange from low to bigh water is 1.44 greater at Parkersburg than Pittsburg
in cases where the rise at Parkersburg goes above tho 25 feet stage, °

The following are some of the important rises at Mariotta or Parkersburg and those
preceding at Pittsburg:

CoRrRESPONDING RISES rroM Low TO HIGHEST WATERS AT PITISBURG, PA., AND
MARIETTA, Orm10.

Pittsburg, Pa. Marietta, Ohio.
Gauge . Gauge .
Date. readings. Rige. Date. reudiﬁgs.! Rise.
. |
Fcle{.3 ?Feet. Teet. | Fect.
. 17.8
18.7 | § 7.4 26.2!5 8.4
. . 12.2
o3 ;16.4 2.1l$ 19.9
2.8 7.
1585 100 vy 180
. 8.9 17.5 1
108 | § 10.9 o |y 107
10.5 15.0 1
19.9 g 9.4 g7 ¢ 147
. 11.3 -
160§ 89 ey ¢ 170
3.8 - 5 5
o1 G| § 178 ars|§ .0
3.2 B 3 !
22§ 20.0 a8 ¢ 9.5
8.0 13.
10 § 6.5 wolt 7
. 7.5
2015 w1 £7 10 09
25.1 ' Junel2............. 3.6 | ¢ 2.
6.4 5 1882, |
3 - F R T 15.5 p”
Jan. 28 ..... cemmeeaann 21.5 g 15.1 Jan. 29 .. ... .... ijé ! s 17.7
Fob. 17 cvovmnenvnannn 10.9 { 10,2 | Fob: 13l T Wy .
Feb.22 cooonennnnananan| 211 I N I S :;5,1|§ 15.6
Feb. 1883. - 1883. |
e e} caceencsmmar ceve D o I"Cb. 3....-..--...-.. 1].0 : o~
Feb. & ..o L 100000 o7 | ¢ 218 | pen o e 1} 87
Fob, 14 _.....cccoooo. 1.7 1) o 1 Feb, M. 0 11 2000 o4
Feb,16 covevrenennnn.. 20.6 | R I O VO N 37,7 | §
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CORRESPONDING RisES FrOM Low T0 HIGHEST WATERS AT PITTSBURG, Pa., AND

ManrigTTa, Onio—Continued.

Pittsbnrg, Pa. Marictta, Obio.
Date Gango Rise Date Guuge Rise
X readings.| o0 : readings. .
1884 Feet. Feet. 1834 Feet. Ieet.
FOb. 4 ceemracnnennes L1120 g 6.5
Feb. 6 omnns oooenn 1.9 |y 20 o1.5 |$ 455
\ 52.0
far. 7 3710 4- 7.2 -
Mar. 13 w8 ¢ 101 ga.8l¢ 2.6
Apr. 4 12, Apr.5...... Ceereenes 23.0
Apr.7 22 % 9.9\ apr ol B % 9.1
. 1867. .
0D 3 oen amnes 10. 8.3
Fob.d 2. }““’ 95,2 § 9.9
“ob. 7 11. 91.0
Lreb. 12 0|3 100 S0 |¢ 120
fob. 24 0. JFob. 25.. 17.8
Fob. 27 monneooonins 90,2 E“'Q Feb, 98.... .11 L sie } 13.8
, 1888, 1838,
Jan. 6 eeeoniaeaeaanns 5. Jan, Gooeevicnnnnnnn. *9.0
Jan.8 .. ol %1‘“’ Jan, 1000 97,9 § 18.9
Aug. 21 coeeniniiniaans D310 qw el Aug 16 oeea ool 3.11¢
Ang. g2 LI 230 1§ 7T | Aug.ea. L0000 8.0 |§ 249
Pittsbu
; 1890. .
an.G.eeeeeoann ceeeen 6.5 . 9.9
Jan.9 11l ol 16.6 510.1 26,9 % 17.0
FA0 15 o o 93] 4. 15.9
Jano17 Cl0IIII 17.6 1 ¢ B3 20.9 E 14.0
7.0 11 13.7
|y ©7 95,6y 119
6710 - 13.7
0o ld o3 o ; 12,1
27| 4. 16.9
9.5 | ¢ 138 So|f 181
147 - 18.8 .
18,6 E 7.3 26,6 % 7.8
T |§ 9 s | ¢ 192
5910 Sopt. 11 ccenvaceanen- 9.9 -
maly 3| Sept1soiiil emafg 173
1891,
9.3 Feb. 16.-.... — 16.0
o216 22.0 | Fov. 21,1010 T aa.6 % 286
51,3 Feb. 20.. ... ... ol otaas

* Zanesville, 6th, 7.6; 8th, 156.9.

{ Marietta, 43.8.

The stages at Parkersburg are influenced by the Litile Kanawhs River, at the
wouth of which it is situated.

There is no gauge on this ifiver.

POINT PLEASANT, W. VA,

The danger line at Point Pleasant is at the 3G-feet stage..
The distance to Parkersburg is €0 miles.
Point Pleusant is at the mouth of the Great Kanawha River
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The corresponding wave-crest stages at Pavkorsburg and Point Ploasant one day
later are as follows:

Marietta or , Point Pleasant, Marietta or . Point Ileasant,
Parkersburg. * one day after. j LParkersburg, | ono day after.
5 5.0 .|.0.8 I 26 31.4
; 27 32,6
G 0.2 ' 23 34,2
7 7.3 29 35,8
8 8.6 30 37.4
9 9.9 '
10 1.2 0.5 | 31 .B%.0
i 52 . 40.5
11 12.4 i 33 42,0
12 13.7 i 34 42,7
13 15.1 i 35 43.4
14 16. 4 '
15 17.9 1.8 | a0 44.0
. 37 44.7
16 19.3 | BE 45. 4
17 20.6 | BiY) 46,1
18 21.9 40 46.8
19 93.0 |
20 2.1 L5 || 41 47.5
42 48,2
21 25.5 : 43 49.0
Q2 26,8 . 44 49.5
23 27.9 | 45 50.0
24 29.0 :
45 30.2 41.5 |

v

The stages of water are dependent on water from tho Great Kanawha River. There
are gauges above at Charleston and Hinton.

GALLIPOLIS.

(Observations no longer taken.)

Gallipolis is directly opposite Point Pleasant.

The dauger line at Gallipolis is at the 40 feet stage.

The corresponding wave-crest stages at Parkorsburg and at Gallipolis one day later,
are as follows:

. Gallipolis,
Mariotta. ono da_ly after.

12 17.0 4-1.6

13 18,2

14 190.3

15 20.5

16 21.6 1.2

17 2.7 )

18 23.7

19 24.8

20 6.0 J2.1

21 7.3

22 28,9

23 20,9

24 30. 4

20 30.9 42,31

26 31.4

27 32.0

23 32.4
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CuarLEstoN, W. Va.

The danger line at Charleston, W, Va,, is at 30 fect.

Pho bighest water observed was 46,9 feet, September, 1861.

There is a gauge at Ilinton above Charleston on the Kanawha, but tho observations
are not yet namerous enough to obtain trnstworthy erests.

The riges at Charleston ave ordinarily three times as great as those at Hinton.
CATLETTSBURG, Ky,

Catlettsburg is at tho mouth of the Big Sandy River.

The dangér line is at 50 foet.

Tho stages of water are mainly the resnlt of the stages at Parkersburg, but are
also the result of stages at Charleston, W. Ya., and Loanisa, on the Big Saundy, 15
miles above.

The distance from Catlettsburg to Point Pleasant is 61 miles.

The corresponding crest-wave stages at Parkersburg and Catlettsburg two days
after ave as follows:

Parkersburg or | Catletisburg, | Parkersburgor | Catlettsburg
Marietia. two daysaflter. | Marietta. two days after.
e e e —— e e '| J— o
[,
4 45 04 25 342 43.18
5 G5 -].0.2 .| 2 -
20 . 30.¢
6 3.6 || 27 36.6
; O S g
9 13.5 I 30 39.9
10 15.4 418
L 31 41.0
1 17.0 ; 32 42,1
12 183 | 2 43,9
13 0.7 : 3 44,3
14 217 i 30 45. 4
15 3.0 2.0 . .
I 36 4(1. o
16 24,1 |' 37 47.6
1 25.3 i 33 48,7
1.75 2(;. 4 ! 30 49.{3
19 875 h 40 50,40
20 23,6 -1 'I " 0 0
i R )
21 ! 42 Hi 1
2 | 3 54.2
23 ! 55,3
24 ‘. 45 50. 1

PORTSMOUTL, OfI10.

The danger lino at Portsmonth is at the H0-feet stage.
The distanco from Portsmouth to Catlettsburg is 39 miles.

'

Tho distance to Marictta is 1828 miles.  The differenco in levol of tho zeros of gnuges
at Marictta and Portsmonth is 96.4 foet. ]

Portsmonth is at the mouth of the ycioto River. The stages of water are influenced
inainly by those at Parkersburg, bul water is also added below Parkersburg by the
Kanawha, with gauge at Charleston, W. Va., by tho Big Sandy, with gauge at Lou-
isa, and by the Scioto, with gango at Circleville,
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The corresponding wave-crest river stages at Parkorsburg and Portsmouth twe
days later are given below :

— e |
g Portsmouth | R . | Portsmouth
Parkersburg. two days at'tc’r. i Parkersburg. i two days after.

7 11.2 | 22 31,3

8 12.9 : 23 32.3

9 14.3 +£1.8 | 24 33.2
10 15.7 1.4 { 25 4.3 427
11 171 !I 2 36,3
12 18.9 i 27 36. 4
13 20.5 238 3.3
14 1.9 29 41.1
15 3.3 416 30 43.5
16 24. 6 31 45.9
17 26,1 32 48.2
18 27.4 33 50.9
19 8.4 ’ f RE] H3.0
20 0.4 1.7 R 55.5
21 30.3

!
..I, S e 1

CINCINNATI RIVER STAGE.

The water going by Cincinnati, on the Ohio River, dramns froin an ares of 78,36¢
square miles; that going by Parkersburg, W, Va.,on the Olio River, drains from
36,620 square miles; that going by Charleston, W, Va., on the Great Kanawha River,
drains 12,640 square miles; that going bLy* Louisia, Ky., on the Big Sandy River,
drains from 3,800 square miles, and thai going by Circleville, Olio, on the Scioto
River, drains from 4,400 square miles.

The Upper Ohio Rivor above Parkersburg, the rivers of West Virginia and western
Kentucky, are the important areas in flood production in the Ohio River. The land
is relatively impermeablo to water and the slopes are great, so that a very large part
of a rainfall goes diroctly into the rivers. The north side of the Ohio River velow
Parkersbury is not signiticant in flood production. ‘The slopes of the ground are light
and the soil permeable, The rainfall sinks into the ground and is fed ont slowly to
the rivers through numerous springs. The distance from Cineinnati to Parkershurg,
W.Va., by the river channel is 286 miles; to Charleston, W.Va., 235 miles; to
Louisa, Ky., 178 miles; and to Cireleville, Ohio, 168 miles. :

These distances from Cincinnati are relatively as follows: To Parkersburg, W. Va.,
1; to Charlesion, W.Va., 0.93; to Louisa, Ky., 0.63, and to Circleville, Ohio, 0.66.

The elevation of zero of gauge at Cincinnati above moan ocean level 1s 425,02 feet ;
at Marietta, 569.045 foet; and at Charleston, W. Va., 554.4 feet.

In 104 cases of principal river rises at Cincinnati since May 9, 1873, the wave crest
at Cincinnati occurred with rospect to the wave crest at Parkersburg, W. Va., or
Marietta, Ohio, as follows: i

Cincinnati wave crest in 1 case, six days; 1case, five days: 6 cases, four days; 39
cases, three days; 25 casos, two days; 18cases, 1day, after Parkersburg. Ton casos
same day as Parkersburg; 2 cases one day, 1 case two days, 1 case threc days before
Parkersburg,

The flood of 1832, 63 fect, was four days after Marictta crost. (IEllet.)

The river stages at Parkersburg, W. Va., and Marictta, Ohio, are used interchang-
ably. Marietta is 124 miles above Parkersburg. Observations at Parkersburg were
not begun until 1883,
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Comparisons of tlie Marietta and Parkersburg gange readings of the samo days show
close agreement. The means of the gauge readings for a nmmber of wonths are
shown below.

Moan of—
Months.
Hronths Parkers- | Marietta
burg gauge.,| gauge.
18883.
1 20 ceenaecans 8.7 85
Augusb.ceeveraenineiiian. Neemeemmesanaeeaaeeaae e 7.6 7.5
Y Y2071 0Y 1) OOty 7.1 6.9
October coceaevanearsacncecnnan ceteseseann Cemecemacnannnen 9.8 ].cvan. [,
NOVOMDOT e e s e semcee saes sascnsoccsssasnanncssancasaccas 12,8 12,9
DecemnbOer ce ccee caaetraneeraraneaeenn eeeeeee mecmeereaas 9.0 9.4
1889,
JONUATY ceenvennmnevammenccacsnacneasananns ceracenenn .-- 12.1 11.9
315 £ TR 8.1 7.9

From this it may be judged that any relation that exists between Marietta and
Cincinnati gangos also exists betweou the Cincinuati and Parkersbarg gauges,

The Marietta gauge readings do not follow the Cincinnati gauge readings very
closely, as might indecd be inferred from the fact that the Marietta drainage basin
does not include more than two-fifths of the whole of the Cincinnati drainage basin.

"There is a daily record of the river stage at Cincinnati sinco June 1, 1858 ; at Mar-
ietta, Ohio, since July 1, 1877 ; and at Pittsburg, Pa., sincoe 1865,

There avo rainfall records for Cincinnati and Pittsburg since 1870; for Columbus
since July, 1878; and Marietta since July, 1877. ‘Thore is a great mass of other rain-
fall records at various places in the catchment basin of the Obio River above Cin-
cinnati.

A comparison of the highest river stages at Pittsburg with correspouding sub-
sequent higzh stages at Cincinuati shows that the Pittsburg gauge readings can not
Ve of much use in forecasting the height of water at Cincinnati. The record of rises
from January, 1881, to Juue, 1889, that seem to have a relation to each other, show
that tho rise at Cincinpati follows that at Pittsburg from four to six days. The dif-
ferences betweon the low waters and next succeeding high waters at Cincinnati are
generally groater than the corresponding differences at Pittsburg by amounts varying
from 8 to 40 feet. In fifty-three cases there are only threo exceptions to this rule.
February 8 to 11, 1851, the rise at Pittsburg was 20 foet ; at Cincinnati, February 11
to 16 ,it was 17,7 feet ; Decembor 22 to 26, 1881, the rise at Pittsburg was 11.6 fect; at
Cincinnati, Decembor 26 to January I, it was only 6.2; August 2 to 4, 1835, the rise
at Pittsburg wns 7.2 feet ; while at Cincinnati, August 5 to 10, it was ¢ feet.

The water that passes Pittsburg drains from an aren of 19,440 square miles. What
passes Cincinnati drains from an area of 78,360 aquare miles, 59,000 more than Pitts-
burg, It is not surprising, therefore, that the ganges should show so little in com-
mon. As any particular raintall is probably only seldomn confined strictly to the
limits of the Pittsburg catchment basin, the river rise at Pittsburg can be considered
as an indication to some extent of rainfall taking placo in the territory adjoining it.
If there is reason to Lelieve that of any particular rainfall no rain is falling in the
basins of the Ohio outside of the Pittsburg basin it may be considored that thie attend-
ant rise at Cincinnati will be nbout 8 feet more than the corresponding rise at Iitts-
burg. If the rainfall is general throughout the Cinciunati basin the rise at Cinein-
nati may bo 40 feet greater than tho rise at Pittsburg.

On the whole, the Pittsburg river gauge-readings ave not of much service in indi-
cating coming stages of water at Cincinnati.

1t has not been found possible to make any very definite use of tho observations
of tho depth of rainfall in forocasting the rise of the river at Cincinnati.

If the rainfall stations wero numerouns, a hundred or inore well distributed through-
out the ares, it would undoubtedly be possible to make some use of them. The time
it would require, however, to collate a large mass of observations would forbid its
practical use.

As things stand at present, with the fow observations of rainfall that are received
by telegraph daily from points in tho Cincinnati drainage basin—Cincinuati, Colum-
bus, Parkersburg, and Pittsburg—only excessive rainfalls, those amounting to more
than 1 inch, can e of any use as a definite indication that a riseis going to take place
Inthe case of & numberof rainfulls reported the same day from various places the max-
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imum rainfall at any placo in the basin is a hetter indication of what the river rise
ia going to bo than the mean of the ruinfalls. This would not of course Le the case
if the rainfall stations were numerous. The mean would then bo better. The fact
that the maximum rainfall gives a better indieation where there are only a fow sta-
‘tions sending rainfall observations, shows that thero are probably very much heavier
rainfalls occuring at places from which no observations ave received than at any of
the stations wlere the observations are made.

The monthly meauns of tho gauge readings at Cincinnati arve bighoer than the cor-
responding means at Marietta, I'ho diflerence is greater as the mean height of the
Marietta gange reading increases. The means of tho months for the years 1285,
1836, 1887, and 1883 are given Lelow for the two stations.

MoNTHLY MEAN GAUGE READINGS.

' ! Cinecinnati
Months. Marietta. 'Cincinnati. minus
| Mariotta,
1285,
S 3000 E:Y RS 14.1 25.6 1.5
L1 0) g1 48 RN 9.4 15.9 6.5
March. ot i et icmen cemeaeane 8.2 17.1 8.9
April. ... ...... s taeeen taeeme e, 6.3 26.5 20,2
B 210 P 7.7 15.0 7.3
JUNG oot et eeetieaee e n e 8,0 14.7 6.7
JULY et i e e e i e ea e eee e 4.3 6.8 2.5
AUBUBE . e i e e B85 12,5 4.0
September. ...oceocin it iraae eaas 54 11.0 5.6
[ 20T 201 . ORI 5.8 3.5 2.7
NOVOMUOE «u e veee e ccenvemmeasecesncannns 8.3 15.5 7.2
Decomber ..o viee e et e 10.3 18.1 7.8
1856, ,
T 13.0 24,6 11.6
February ..o cvee et e reca e 13.1 25,9 12.8
)5 68 ) § SN 10.9 20,3 2.4
April.ooooe i, e cce scmmme oo aann 17.8 7.4 19.6
) €1 G RPN PP | 8.0 21.9 13.4
JUNB e e e et teeee e e e tae——r e 5.9 15. 4 9.5
R 511 4.4 13.8 9.4
AUGUB e e it et it e ie e e e 4.6 10.0 N4
TS ] 11050 73 U 3.1 5.4 2.3
October ...ocveemmeneno e e e meeaaaanan 32 H.2 2,0
November cieree cceeenceanan e emeeecma e 8.6 12,2 3.6
Decemnber «..ooeeeeeveeinneinannnnenn eeaeens 10.0 19.4 9.4
1887,

B I D P 10.6 20. 4 9.8
Febrary «oeeen cececcreneceecaacaees reeaeaas 25,0 48.4 23.4
March .. e e it 13.2 2y, 4 16.2
.Y 23 <1 U 0.6 24,0 14.4
May ...... e eemeaan e e et eaa——.- 93 20.6 1.3
S JUNG seveeeimacreennaercanmaeann PO .. 7.6 14.8 7.2
B ) °3.2 5.7 2.5
ANgust «o i iiieiiiii e e . | s.1 4.9 1.8
L L1 111Y:) N I 2.4 3.3 0.9
{0701 74) 1Y) 2.4 3.3 0.9
NOVOMDOT 4ecae ceae meee caeeveeeaaenne caeannn 3.0 3.6 0.6
December L2 6.1 1.9
R 3103 118 U 20. 2 8.6
February «ooeceveceee cocaeenann, 20.1 9.4

March..... . 230 feeeiieieeens
F 8 ) P 23.8 12.1
AY encacccnecocean 13.8 6.9
JONO < ceereeeeeeccee ceeacicasceactsacnanan .- 10.4 5.6
July e it i 14. 6 6.1
ANGUBE oo i vene ceee e ceeiene e e 5 12.0 4.6
September T 6.6 16.4 9.5

October.......c.... 179 {ieeen..... .o
November 7.4 14.5
Decomber.eceee veveee ceeneennnenn e 16.2 6.8
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Tor o mean monthly stage of 8.5 feot at Marietta the corresponding wmean montlly
8tage at Cincinnati may be from 3.5 to 13.5 feet higher.

Through points platted on a sheet of paper, with the
etta gauge as abeissas and tho oxcess of the Cincin
over those at Mavietta as ordinates, 8 smooth curve w
average of the differences of the two ganges.
hates wero taken, which may be considored as the aver
Mariotta and Cincinnati gauge readings for different he

arictta gauge.

mean readings of the Mari-
nati mean gaugoe readings
as drawn to represent the
following ordi-
awo diflerences between the
ights of the watoer on the

From this curve the

Miax MoxNTHLY GAUGE READING.

I Cineinnati ' Cineinuat
Marietta. |higherthan j Marietta, jbigherthan].
Maricetta, - Marictta,
[ D e e e————
3 1.0 15 16,5
4 2.5 16 17.5
5 4.2 17 18.3
6 5.6 ; 18 10.4
7 7.0 | 19 20,0
8 B.7 20 20.8
9 0.7 21 21.6
10 10.7 | 22 22,3
11 12,0 23 22,7
12 130 1 24 23.1
13 14.2 4 L5 3.4
14 10, % I

|
i

The corresponding enrves of water level for Cincinnati and Marietta show that
there is somo connection between the rises and fally of the river at the two places. A
Tise in the enrvo at Marietta is usunally followed by a rise in the Cincinnati curve.
By far the greater number of crests of the curve at Cincinnati are from two to three
days later than.the corresponding crests at Muarietta. ‘I'be timo for the crest of a
wave of high water to travel from Marietta to Cineinnati is on the average two days
and a half.

Tho rises that occur are of two kinds, depending on tho extent of the rainfall and
location of the place of grentest depth of rainfall. The river begins to riso at hoth
laces simultanconsly, or the rise sets in at Cincinnati two or three days later than
at Marietta. The rises are various in character. Tho greater number of then tako
place in from three to nine or ten days. The following table shows tho daily changes
during the rises.

TWENTY-FOUR 1IOUR CHANGES IN FERT IN OHI0 RIVER DURING PPRINCIPAL
RISES AT MARIETTA AND CINCINNATI.

Febh. 9, 1878 (8.7) 2.8 3.0 42,0
Feb, 7, 1878 (18.2) +8.2 414 +1.5 —0.6 422 1.8 40.5

Apr. 24, 1878 (5.8) 421 1.8 3.1 +0.7 40.0 4+1.6 41.6 40.5

Apr. 21, 1878 (122)43.3 +5.0 42,7 +2.6 +3.3 +1.6
Mar. 10, 1878 (11.0) 40.2 +4-0.3 4.0 40.4 40.5 1.1 '
Mar. 11, 1878 (22 7)F1.8 45.7 —0.3 4-1.3 1.9 +0.3

=]

tote

Jan, 10, 1878 (4.5) 4.7 —1.2
Jan. 12,1878 (8. 6)-+
Dee. 22,1879 (6.8) +0.2 5.
Dec. 22,1879 (17.0) +1.3 43,
Sept.12, 1878 (3.5} +13.2 42
Sopt. 13, 1878 (5. 2)+0.
Nov. 23, 1877 (5.8) 4-1.8 -}-6.0
Nov. 26, 1877

Feb. 21,1818 (10. sg
Feb. 21, 1878 (19.9

2.2 4-0.5 1.0

6 413 4+0.9 +0.9 0.2
0.0 +1.2

6.1 44,2

-1

~o
sc=w

Tt

e

1 13O

5

b

—*
=5

D)
)} +13.6 +7.6 +1.5
2 4
p 3

(
.2
2 43,5 +3.9 +2.1 4+0.2

42,6 2.8
+2.5 40,0

[+
cew
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July 81888 (5.3) +1.9 +11.0 —0.7 +4.0 +2.§

July 9, 1888 (8.8) +1.3 4+3.4 +7.5 +7.7 +1.8 +1.0

Feb. 7,1882 (9.8) +2.5 +2.3 +4.8 +-2.1

Fob. 7,188 (26.8) +2.0 41.0 +6.2 429 +2.5 +4.2 +1.5

Jan, 6,18%2 (0.8) 42.5 41.6 41.8 423 +3.5 —0.8 +1.8 +3.8

o 1882 (26.7) 42,0 46,7 420 0.2 43.2 1.3 436 +L5 +0.2 —0 1
Dec. 22,1881 (10.5) 4-4.0 42,0 45,1 40. 12416 —1.0 4-2.2 1.8

Dec. 26, 1881 (34 8412 41,7 +1.7 0.8 40.7 0.2
Apr. 7,181 (1.5)40.3 4-0.5 2.0 4.1 4+2.0 3.5 +4.0 425 +1.0
Apr, 6, 1881 (20.9) 402 3.6 4.5 41 22 0.4 419 407 4-0.8 +1.8
Apr. 6,1881 +1.2

Aug. 21,1888 &7. 9) +15.5 2.1 +2.5

Aug. 21,1888 6.6) +10.2 +1.1 +4.3 450 4.2

Feb. 2,1887 }18.3\ 430 3.0 42.0 +1.0

Feb. 2, 1887 (41.0) 49.4 4.5 +1.3

Feb. 91886 (6.2) +0.3 +0.7 4-0.8 45.0 4-11.6 4-4.4 40.0

Feb. 10, 1886 (1471) F12 56,3 45,8 43.3 2.8 £3.5 2.5 +1.0
Mar. 4,1819 (15.0) +1.3 1.2 43.2 +2.3 +1.5 4+ 1.0 40.1 2.3 1.4
Mar. 7, 1879 (27.4)40.2 1.5 2.6 2.2 2.4 +0.540.
Mar. 17,1819 40.7

Feb. 11,1880 (6.5) +1.5 47.8 494 453 41.0

Feb, 11,1880 (14.0) 41.1 8.0 414.7 4.7 -H4.5 1.2

Dec. 9, 1878 (12.2)4-2.2 7.5 +7.1 43.0

Dec. 11,1878 213425 4+6.3 43.8 +1.3

Feb. S, 1887 (21.0) 4.3 4.0 2.6 --0.0 40.4

Feb. 11, 1887 41 3)4-0.6 40.0 40.6 +1.5 1.4 40.0 +1.7
Feb. 8, 1881 (6.0)44.0 410.5 +8.9 +9.7

Pob. 71881 (16.2) +5.6 480 45,0 —2.0 454 5.1 4.7 42.3 +0.2
Fob. 3,1883 (11.0) +3.2 4112 8.9 421 3.4 +3.7 .

Feb. 6, 1883 20, 4)4-9.9 F11.5 45.5 +2.4 +1.1 3.1
Feb., 6, 1883 4-1.7 40.2 +1.4

Jan. 27,1884 (6.5) 48.5 43.0 +2.0 +1.5 +0.0 44.0 +2.8 —3.1 +3.8 +8.7
Jan. 29, 1854 (15.8)45.4 +1L.2 +8.1 46.6 +2.6 4-0.6 +3.3

Jan. 27, 1584 8.6 432 420

Tan. 29, 1884 46.7 415 +1.1 LT 1.7 419 1.4 +1.0

The noticeable featuves of these differences are : fivst, that the highest point
is reached by the high water two duys after the differences begin to diminish;
second, that the greatest daily difference at Cincinnati follows that at Marvietta
by twe days.

On the whole, however, the dtiferences can not be regarded as a safe criterion
to go by in judging of what the river will do. Tt is only something to be con-
sideved in connection with other circumstances.

From the above it appeavs that the ammount of the vise at Cincinnati is greater
than that at Marietta for o low stage of water at Cincinnati and less than the
Marietta rise when the Cincinnayi stage is high. When the minimum point on
the Cincinnati water-level, curve is 32 feet the subsequent rise to high water is
usually about equal to the rise that takes place at Marietta between the corre-
sponding low and high water, provided the rises ave eaused by general vainfalls
occurring throughout the whole of the eatehinent basin of the Ohio above Cin-
cinnati. TPor stages at Cinclnnutl lower thun 32 fect there is u slow increwse in
the rise at Cincinnati as compared with the Marietts rise. Ahove the 32-foot
stage the rise at Cincinnati nsually diminishes very rapidly as compared with the
corresponding Marietta risc.

The duration of & rise in the river at Cincinnati varvies ordinarily from four to
pine days. There is one case, that of January 29 to February 14, 1884, in which
the rise continued sixteen days. The average time of a rise is 7.4 days.

In the following tablc are given the rainfalls exceeding 1 inch in twenty-
four hours that have occurred at Cincinnat, Columbus, Marietta, and Pittsburg
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trom July 1, 1877, to January 1, 1889, and the subsequent rises in the river at
Cincinnati that may be presumed to have been caused by them:

TABLE OF HEAVY RAINFALLS IN EXCESS OF 1 INCH IN A DAY FOR THE
TWENTY-FOUR HOURS ENDING AT 7 A, M. ON THE DATE GIVEN FOR CINCIN-
NATI, COLUMBUS, AND PITTSBURG, AND 2 P.M. FOR MARIETTA, AND THE
SUBSEQUENT CHANGE IN RIVER-GAUGE READINGS AT CINCINNATI.

Rainfall in inchos at—

Cincinnati gauge.

i [ I ) 3]
Yea g g | Y 2y 2w
r. b=t P = to = &9
é ! E |' g I| E gﬁf; Date ‘t?n-E Fall, —3
R E 203 58 © | &% | vise, 4.
£ !l 3, 8= z K 25
o !0 A & ~ o]
\ [
1877. | |
July 17 |eeeno- ... D150 s 10.6 { July 20]10.0{ —o0.6
Dee. 30 jowe--- e | L36 ... 11.2 ) Jan. 2117.8 + 6.6
1878. ! !
Apr. 10 [1.34 i o 16.1 ! Apr. 10 18,2 4+ 2.1
Tune 10 | 2.06 l-ooo- .. o 9.7 | June 14| 9.8 4 0.1
July B foeeo-- R [ I'2. 80 [ 11.0 | July 8, &8 — 2.2
July 13 {1.14 oo R Lo 8.01July 171 9.2 4 1.2
July 30 ... I D | 1.10 6.2 | Aug. 3'1L8| 4 5.6
Aug. 18| 1.13 [--uee- !__-_(_).; ______ 9.3 | Aug. 22§ 9.3 0.0
Sept. 12 |....-- [ [0 W I TN SN SR SO R [
Sept. 13 | 164 11N s aes 5131 Sopt. 1677353712079
Oct. 23 omoceeees 12,24 1.28 £310ct. 27 } 10.21 4+ 5.9
Nov. 27 {oo-. ) ...... ST S I A L. [
Nov, 28 |0, 20l TIUETE) Nov, 2R | Dee 1 B80T 4140
\11879. 118 l ; | [
Mar., 22 1 187 | i meaiee e [
Mar, 23 |.._._. 1,54 | .. R, 20.0 | Mar. 27 '36.11 -+ 71
Juno 3 |oo--- L 1.06 ... 10.8 | June 7| 9.5 | —13
June 6 ... [P R 79 90 June 7 05! <+ 0D
Juno 11 1733 S1 0T ‘ ...... 78| June 131 021 4 1.4
June 15 ... P14 88 Junc 191 6.8 —20
June 28 | 1.57 .o fooaoe- [ 50 June 30| 5,11 4+ 0.1
June 29 |...._. s .. 5.0 | July 2| 5.0 0.0
July 31 ). LB 5.8 | July 14| 5.0] - 0.8
July 12|00 U104 174271 . 5.0 [July 16| 50| --0.9
July 24 .. R R 1,04 6.8 | July 26| 52] —1.6
July 30 |....-. (U T [ 1.05 4.2 July 31| 4.5 + 0.3
Aug,  1]..... U PR 11,04 L5 Aug. 31121 4 7.6
Aug. 6]1.19 { ............ [ ...... 9.1| Aug. 81 97 4 0.6
Aum. 8| Lo8 | T T Lo
A:i}. 1?; }z.':ml ____________ . 10.0 | Aug. 17 112,41 4 2.4
Aug., M| LOd oL .. 5.8 Aug. 26 [ 16,2  410.4
Aug. 253 | 2045 ... 1721155 6.5 | Aug. 26 116,24 9.7
Aug. 26 ... SRR B, [1.31 10,5 | Aug. 27 | 14.0 + 3.5
Sept. 3| L70 oo ]-oaat .- Sopt. 2 110,77 | Sept. 4| 15.7 4 5.0
Sept. 131113 .o L0 ..o 6.2 | Sept. 17| 6.2 0.0
Nov. 15| 1.51 1 1.37 ... . | Nov. 141 2.8 | Nov. 16 R + 0.9
Dec. 22| 1.34 | 113 ..o } 127 | Dee. 22| 17.0 ) Dec. 21 281 +42.8
Dec. 241 1,93 ooooo)oenen. R B
1880. ' )
Jan. ofvis ot i ...... 81300 Jan. 1010419 2.0
Feb. 13 {144 ||l 12 15.1 | Feb. 15| 47. 4 32,3
Feb. 14 |._...t...__| 1.50 | nnen 14 1 37.8 | Feb. 17 153.2 +15.4
Mar, 5 |o.o._-loiloo 113 ... 50207 | Mar. 11 [ 43,1 417.4
Mar. 27 |1.23 |- ... Y | Mar. 27 120.5 | Apr. 1]21.3] -+ 6.8
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TABLE OF HEAVY RAINFALLS IN EXCESS OF 1 INCH, ETC.—Continued.

I
Rainfall in inches at— | Cincinnati gauge.
~ i
| e °
Year 2 1 g : 0 ‘ : E;D 5e 2
. = = < > RS <
3 = s 5 &5 &8 | Fall, —;
! Z = - 2 Date. | I's | Date. 23| pise.
i § é é = 5 3 § 3 rise, 4.
= [<} = = == —~ -
NS I = & =
| ' '
1880.
Apr. 4 |..... S S A R I Apr. 412531 Apr. 6| 28.5 -+ 3.2
Apr. 161 193 [l oo Apr. 15 [ 1.0 | Apr. 17 | 10.2 + 2.2
Apr. 24 ... .26 2,20 ¢ .. CAprs 241307 | Apr. 291 45.4 +31.7
Apr. 26| LA2[ LAY .___. L. S N DS A
May 30 | 2,18 | Ly3 [ 2.20 1 | May 307 0.8 | May 317|117 + 1.9
June 10| LJO Lo R Pdune 9 1005 | June 11 | 10,8 0.3
June 15 12,43 | 119 |------ . June 14 ] 10.7 | Junc 18 [ 18.8 &1
June 26 [ 127 . _ . o .. [ June 26 [ 12,6 | June 30 | 11,1 — 1.5
July 11 |......1 233 ’ ...... [ July 101 11.0 | July 12| 11.9 + 0.9
July 20 (159 1. L. July 20 9.6 Juy 22| 7.7 — 1.9
Aug, 4. . Lo Aug 3 604 Aug. 6] 59| — 0.5
Aug. 2070 0379 1105 [ .30 Aug. 20 8.9 | Aug. 24| 13.7 + 4.8
Sept. 28 |l 1.10 | Sept. 27 | 4.7 | Sept. 30 | 4.1 — 0.6
Oct. 16| 1.27 .. | ... . Oct. 15| 4.4 | Oct. 18| a1 + 0.7
Nov. 7iLI3[L70'.____. Lo Nov. 6]143! Nov. 81165 4+ 2.2
Dee. 5 | 3010200 | 200 . Dec. 5180.2] Dee. 8370 + 6.8
1881, |
Jan. 21 :1.10 | .................. Jan. 201 20.5 | Jun. 24| 35.8 +15.3
Feb, 1| 1.50 .. L. Lod !l Jan, 31116.3 | Feh, 1119.7 + 3.4
Feb, sy |l T Feb, 7 16.2] Feb, 10 | 84.8 +18.6
Fch, 9 Lo9 ! _____ R R eh., 8| 21.8 | Ifeh, 16| 50.5 28,7
Feb. 28 .05 ol | Mar. 2120,9 | Mar., 7| 20.4 i 8.5
May 6 ... ... 111! May 5 117.8 1 May 10| 25.0 4+ 7.2
May 15| 1.21 J .................. I May 14 [ 19.3 : May 181143 — 5.0
June 8| 1.3 lIIIIIII 17357 June 7| 7.8 ‘ __________ [t S
June 9 ..o b _. 121 ..
June 10 ... .. Lot | 199 [ June 15 {3500 [ DlTTTT ’ Ry SRl
June 14 11,90 175 |oooo ... e e e e
June 193116 [ L Juno 19 | 20.3 | June 20 ) 17.% — 2.6
Junc 30 | 1000 00 R I Juno 301124 {July 1[11.2| —1.2
July 13 ... [ 1.2] I' _______ July 131 6.0 July 19| 6.8 -+ 0.8
July 14 |..... : ...... 2.05 ... July 1| 5.8 duly 19| 6.8 1.0
July 15 LT o duly 150 5.9 July 191 6.8 j: 0.9
July 17 oo ‘ OR Plduly 17| 6.0 Juy 19| 6.8 + 0.8
July 19 faly 191 6.8 | July 25 | 7.3 4+ 0.5
July 21 ... 1.31 ’ ------------ faly 20| 6.5 | July 25 | T+ 0.8
July 22 ool 1LGO | July 229 6.7 Liuly 26 7.9 4+ 1.2
July 80l duly 201 9.3 auly 305 10.8 4 1.5
Aug. T |oe-o-e 132 | Aug. 61 55| Aug, 91 A5 0.0
Oct. 2 L..... 208 el Oct. 1| 4110et. 3| 70| 4209
Oct. 31T AT 1 Oct. 20 481 0ct. 6 3.8 — 1.0
Nov. 19| 1671 1.85 ... 1.O7T 1 Nov., 18 | IL8 | Nov. 24 | 96.8 15.0
Dee. 131 ..... NP LSS Dee. 1211220 Dee. 18, 33.7 121.5
Dee. 14 | OO | 1.29 . ... [ R FEN I I O
Dee. 15 ... R 220 Lo “Dee. 15 17.8 | Dee. 18 33,7 +15.9
Dec. 21| L6O || ... e I Dec. 20 [ 815 | Dee. 23 36.7 5.2
Dee. 22 ... [ 114 oo . "Dee. 21| 32.7 | Dee. 23 | 36.7 i 4.0
1882, ( i .
Jan. 51 1.00 L. _l_____j____ Pran, 6267 Jun. 10 l 37.6 +10.9
Jan. 11 1. looon 108 L. PJan, 11 40.8 | Jan. 16 | 8.5 7.1
Jan. 13l voei ool . “Jan. 121 42.2 7 Jan. 16 l 48.5 i 6.3
Jan. 260103 o L6 1 .. lan, 26 | 42.3 | Jan. 31 | 47.7 5.4
Feb. 13| 122 BT 120 |ooeea PFeb, 13| 44.6 | Feb. 17 | 49.0 i 4.4
Feb, 20| 1.52)1.79 | .50 |...... Ieb, 191 52,9 | Feb, 21| 68,6 -+ 5.1
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TABLE OF HEAVY RAINFALLS IN EXCESS OF 1 INCH, £Tc.—Continued.

Rainfall in inches at— Cincinnati gauge.
i | o 12 I
Year 2 \ “ . & e g
g 2 £ ‘ = 5.2 . &= | Tall, —;
= iz ST = Date. = Dute. 279 ' yiso, o
ot = o H 4 s < ’
o = A e SRY] Lo |
E 12| E | £ Z A = &
&} \ & = i = [oet =
1882, | |
Feb, o1 Ls s b oo
Mar. 16 |cceeoeconen- P23 .. AMar. 16| 30,7 { Mar. 21 [30.6| + 8.9
Mar, 211243 2,01 | 140 |ooeee Mar, 20 [ 28.3 | Mar, 24 } 46.9 +12‘.6
Apr. 23 joeaoee- RN IS, Apr. 22| 13.2 1 Apr. 27 | 17.5 -+ 4.3
A{u-. 07 |eoeee- 09T | L oo ,’\{)1'. 27 1.5 A}n'. 50 1 242 4 6.7
iiuy 511,01 1.7 TR May 51006 i
May 6] L1712 . May 10 | 30.7 1.1
May 13 {.---- LIS DD oo Muy 13 ] 36.8 ) May 16 | 16. 4 | -+ 8.6
May 28 | 2047 126l May 270309 [ June 20 39.6 4 7.7
June 1 feaoo- R May i1 ‘ 3.8 { June 2| 30.6 4+ 1.8
June 12 |o.-.-- . i .00 .. Jane 12:1 20,0 | Juno 15 | 35.0 +15.0
June 14 |- - L0 L June 131184 | June 15 | 35.0 -+16.6
June 17 i 0.82 1o "1 | June 17 313 June 20 21.8 — 9.5
June 26 l....-. I I T . CJune 277 17.9 1 dune 29 | 20,0 + 2.1
June 23 ooo.. ... P20l June 27 [17.9 pJuly 31230 4 T.1
July 11| C1ad e L duly 1001000 [July 1320081 4 1.8
July 17 leoooos Lot P07 Jaiy 1T R pduly 2128y — 8T
July 18 L. RN | July 15 | 16.8 [duly 22 128 — 40
2\1;:. 1118 oL VLR L .1\\11‘\_-‘ .‘El R ;kug‘. )i I IE).() j-— 3'(7)
ug. : : Aug. 231 3.8 Aug. 24| 0.7 - 0. ¢
Aug. L Aug, 26 | .91 Aug, 81| 116 4+ 2.7
Aug. fAug. 280 0.1 Sept. | 15.8 + 6.7
Sept. Sept. 12 | 118 | Sept. 15 1 18.8 + 7.0
Oct. Oct, 6 13.1! Oct. 10110.0 — 3.1
Oct. Oct. 20| 6.6 | Nov. a| 6| 4+ 1.0
Dee. ! 0.97 Dee. b ‘ 8.1 Dec. 10 12.0 -+ 3.9
1883, .
Fob, 4 1.40 | 159 b Weh, 31272 Teb, 5. 32.0 + 4.8
Feb, 71311 1.20 | 1,507 134 1eh. 6! 29,4 Feb. 10 | 58,8 +29.4
Foh, 110195 LB Teb, 10 ;58,8 | 1eb, 15 | 66.3 4+ 7.5
WPeb, 15 |oceen- D008 | e Teb,, 141649 L Ieb, 151 66.3 4 1.4
feh, 25 oo Lo U N Peh,” 23 0427 L Mar, 1 [28.8]  —13.9
Mur., a0 L3 Lo (R Mar, 29 16,9 | Apr. 31 43.3 126, 4
Muy 15 |ooeoe A IR 1220 | May 15 12.5 | May 18 1115 — 1.0
Muy 200 Lo7 | 187 b 0.92 | May 200 131 | May 24 | 239 4-10.8
%:}u,v 22 l(_)T) [T PPN May 221178 Muy 24239 -+ 6.1
My 29 ) 152 oo e eee- May 28] 26.5 ) May 30 ] 27.3 4 0.¢
June I {--oeo- 1,11 | ______ } ______ Juno I 18,8 | Jdune 15 | 19,4 0.6
-_:11;10 VI8 DR PO I I.%R .}'11{10 180 23,4 | June 20 ) 23,8 j: 0.4
IO R 2 IS TS SO LIS daly 75 L July 10| 114 — 1.7
July 241 R 1.44 | July 24 Fioia |y 26 1 1005 — 1.9
Ang, 29 .. ... /1 IR 4 T . 2,100 Aug. 29 0 5,2 | Aug. 3l 4.9 — 0.3
Sept. 30 |..o_-. [O95 [ooean]emen-- Sept. 290 .01 Oct. 21 6.5 + 1.6
Oct, 2| 150 | 1LOS Lo ochaees Oct. 11 6.2]0ct. 6] 5.9 — 0.3
Oct. 5| 195|106 [cocomatoames Oct. 5. 5.7 Oct. 11 | 11.8 “+ 6.1
Oct. 29 14,06 .. omon L. FOct, 28! o518 Nove 111821 4124
Oct. 30 |- 1.5 | La3s Lo L Oct. 297 10,0 ) Nov. 1182 8.2
Nov. 222,93 | 148 [oo... L. ENov. 21| 12,4 | Nov. 23 | 21,2 8.8
Dee. 24 | 2.60 1 1.63 |- onee § 1.47 | Dee. 23| 11.2 | Dee. 28 | 40.5 38.3
1884, i !
Jan. O 1. I e 195 Jun. 0| 288 [ Jan. 17| 23.8] 4 0.0
Febh, 51130 .. 1.05 |oooae- PReh. 4| 50,2 1 e, 9 64,0 113.8
Fob. 6250 | 134 |.oooo 1,07 Feb. 5| 53.5 | leb. 14 | 711 17.6
Feb, 7'0.87 |.cccuclomanuales oo Feb. 716L81Feb. 14/701.11 9.3
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TABLE OF HEAVY RAINFALLS IN EXCESS OF 1 INCH, ETC.~Continued,

Year.

1884.
Feb. 20
Apr. 2
May 14
June 29

June I

July 14
July 27
July 31
Aug. 15
Aug. 17
Aug. 28
Aug. 30
Sept. 17
Sept. 28
Nov. 13
Nov. 18

1887.

Jan. 29
Feb 2
Feb. 3
Ifeb, 11

Feb. 18
Feb. 26

Rainfall in inches at— Cincinnati gauge.
‘5 = =€ :.-LI 5 qﬁ :3 o
=1 2 = = 0.5 &= ¢ Fall, —;
E S E, i’) Date. ;E Date. :Sg rise, 4.
k=] =) = = - Rom ]
&) O = o o<t o
|
113 oo femme e Feb. 20 | 58.4 | Feb. 235 | 40.2 —18.2
______ 101 |......l.___i Apr. 2[30.6 | Apr. 6 |3L§ + 1.2
______ 2,04 [oooo_____.| May 13]19.8 | May 15 22.4 4 2.6
...... 1.23 [coo|ocoo.{ June 28| 7.9 | July 2|14.8 + 6.9
! 281 5.0 Aug. 61125 + 7.5
17| 5.8| Aug. 23| 5.5 — 0.3
25 28| Sept. 30 | 3.8 4+ 1.0
281 3.310Oct. 1l 3.9 4 0.6
12| 7.6 Dee. 15 16.2 +4 8.6
5110.8 | Jan. 7253 + 5.5
15| 25.0 | Jan. 20 | 46.0 421.0
171276 Apr. 21 36.8 + 9.2
24110.7 | May 28|16.5 + 5.8
201 10.2 { June 28 | 12,7 + 2.5
21| 9.9 | June 28 127 4 2.8
24| 6.8 | July 27| 7.1 4+ 0.3
2| 88| Aug. 10 | 16.2 -+ 7.4
6]10.6 | Aug. 10| 16.2 4+ 5.6
23 12.2 | Aug. 27| 10.1 — 21
8110.2 | Sept. 124 9.9 — 0.3
4| 5.1[Oct. 8| 4.4 — 0.7
12| 3.9 Oct. 20/ 17.0 +13.1
31142 Jun. 9] 39.1 +-24.9
0139.1| Jan. 14 | 20.8 —18.3
15| 17.8 | Jan. 24 20.1 +11.3
30| 30.3, Apr. 6542 414.9
51538 | Apr. 93558 +4- 2.0
12132,0 | May 167 36.8 + 4.8
25| 16.8 | May 28 15.9 — 0.9
311128 | June 4 15.4 + 2.6
9110.4 | June 15| 12.9 4 2.5
.76 16 1 12,2 | June 20 | 15.6 -4- 3.4
___________________ 1.10 - June 22 | 19.8 | Junc 24 | 20.5 4 0.7
__________________ 153 | July 12| 12.5 1 July 141 13.0 4 0.5
____________ L70[ 210, July 27| 9.6 | July 31| 84| —1.2
RPN s B8 1 I S e pduly 30| B4 Aue. 411008 + 2.4
______ 13 L A M 1 | Ave 17 i1 | RS
1.14 | ...... P S, Aug. 16 1 7.2 1 Aug. 18 | 13.0 -+ 5.8
.................. L.l Aug. 28 8.3 Aug. 81| 1.2 ~ 1.1
______ P T  Aug a0 | TR | Sept. 3| e8| — 07
cmmenjeimaee oo L3 Sept. 16 408 1 Sept. 21| 5.0 -+ 0.7
______ C1L25 .| 0.91 | Sept. 27| 5.8 | Sept. 20 | 6.7 -+ 0.9
...... L.t 100y Nov. 121 4.0 ! Nov. 18 | 11.2 4+ 1.2
______ ‘ 0.03 .--.--; 1.03 | Nov. 17 |. 6.8 : Nov. 24 | 20,7 +422.9
| |
...... oeoe 110 oo Jan. 287360 Jan. 30 [43.0] 4 7.0
______ |10 L0 Lo e, 2 2 Reh, 5860871805
____________ jeooeel LOS D Feh. T1 443 | Feb, 16| 48.4 4.1
...... 1174 Reb. 17 [ 48,0 Febh. 19 | 49, 3' 1.3
...... Lo 171072 e, 25 | 44i0 | b, 98 | 5306 9.6
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TABLE OF HEAVY RAINFALLS IN EXCESS OF ! INCH, ETC.—Continued.

He D e D Crad MRIGHEIICEHLS O

Rainfall in inches at— J Cincinnati guage.
.| I ! ‘ ! i & &
Year. =R I R P I . S s S &
2 | £ 1 £ 15 pue 2| pate | @2 | Fall—
S E 217 1588 T BE | vise 4+
£l 3 & 2 Lo R Z =
& ‘ O A LA l= &
1887. . | ’ ,
pr. 1811501 ...t 1.61 oo j Apr. 17 118 5 Apr. 10 ¢ 22.2 -+10.
Apr. 22 1.l [ 0 X I PApr. 201217 | Apr. 25| 405 27,
Apr. 23 0.98 ... L. b DADE. 220 28,01 Apr. 25§ 40.5 —-20.
April 29 |- .- [ 105 L Apr. 20 [ 88.0 | Apr. 31| 35.2 — 2
June 1 |---... . ______ PLe | May 31 | 0.8 | June 6178 48,
July 10 |...... lecceen L .62 | July 10! 5.3 July 151 6.8 + 1.
July 21 .'.-_..[ ...... S, P38 July 21 4.6 ] July 24 47 + 0.
Aug, 10l [ Too ! Awe 1] 5.8 Auge 24| 601 4 0.
Aug., 5094 [ooofooanan [ | Aug, 5] 6.0| Aug. 10| 59 — 0.
1888, ;
Jan. 1710410 1.04 .. . 1.42 , Dee. 31 7.1{ Jan, 213.8 :t 6.
Jan, i P, 1.44 1 1.27 | 1.20 | Jan. 5] 8.8 | Jan. 13§ 34. 4 25.
Mar., 21 [ 1.26 | oo|oomaoi]emena- Mar., 201 17.1 | Mar. 25 | 23.0 -+ 5.
Apr. 10 [ oooofo----- 129 ..o Apr. 93223 Apr. 121 33.0 —+10.
May 9 ..... 108 | .o ]eeeean May 9§ 9.9 May 13 10.3 -+ 0.
June 28! ... 141,00 .o . | June 27| 6.5 | Juno 30| $11 4 L
July 8 .o ]oo.o- 110 [ooeaan July 8] 9.1 July 151315 422,
July 9l PO - PR A DGR MR R
July 10 |o.._-. 1.86 05,85 | 70 |oo oo oo oo
July 17 | LO6 |oocooefemmmc)iaam July 15| 31.5 { July 20| 16.9 —14.6
July 21| L98 oo .. July 211144 | July 261131 4 3.1
Aug. 171106 ]0.98 ... 1.66 | Aug. 16 | 6.3 | Aug. 19| 7.4 — 1.1
Aug, 19 fooo]oeenns 2.03 [----- Aug. 18| 6.1 Aug. 21| 6.6 0.5
Aug. 21 ..o 1.90 [.ooeee Aug. 21 | 6.6 | Aug. 22| 106.8 10.2
Aug. 22 | ..ofoao-- 2,22 ... Aug. 22 | 16.8 | Aug. 26 | 32.0 15,2
Aug. 28 . .. o.a.o. 2.00 ooanan Aug. 27 | 31.6 | Aug. 31 | 16.8 —34.8
Sept. B |eoooloomee- 170 |- ee- Sept. 7(13.2| Sept.12]19.4| 4 6.2
Sept. 16 | 1,00 [ 1.80 [--eune Scpt. 16 | 20.5 | Sept. 18 1 15.1 — 5.4
Oct. 3 1L08 | eeen Oct. 3| 7.6|Oct. 94 1.0 1- 0.3
Oct. 011,28 1 e [eeees Oct. 8| 7.2 OQct. 14| 12.6 5.4
Nov, 3| coccibiena- 1.10 | oo Nov., 2]26.3| Nov. 6] 23.2 — 3.1

In the following table arc given the changes in the stage of the river at Cin-
cinnati, arranged according to the magnitudo of the rainfall at any of tho
places, Cineinnati, Columbus, Mavietta, or Pittsburg.

Where the sign is minus (—), it indicates a fall of the river.

It will be seen from this table that the rainfall at so few places can be of little
value, unless taken in connection with other things, in giving any idea of what
the subsequent rise in the rivor is going to ho. Theve are casos whero the river
rises associated with rainfalls between 1 inch and 1.5 inches are 22.9, 27.8, 25.6,
27.2, and 24.9 feet, while there are other cases where there aro falls in the river -
of 18.2, 18.3, 13.9 foet, ete., associated with equally large rainfalls. In the threo
cases where there ave rainfalls between 2.5 and 3 inches the rise varies from 3.1
10 38.3 feet.  For the two cases of rainfall botween 3 and 3.5 inches the rises aro
9.4 and 20.4 fect. For tho two rainfalls over 5 inches the rises aro 7.4 and 22.4
fect.

This is of course due to the fact that all consideration of tho area over which
the rainfall has occurred is left out of account. It depends tosomo extenton the
stage of the water, a small rise at o high stage corresponding to a greater riso
at a low stage. Itwould seen to indicato thut an excessive rainfall ata placo, 1.5
to 2 inches, doos not usually oxtend over a wido area: otherwise i$ would bo
certain to cuuse greater rises in the river than are found to ocour. It is proba-

WAR 91—VOL 1V 7
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bly true that in general rain storms excessive rainfull at any one place must be
at the expense of the rainfall of adjoining places.

RIVER RISES AT CINCINNATI IN FEET FOR VARIOUS DEPTHS OF RAINFALLS
AT POINTS IN CATCHMENT BASIN.

RAINFALLS.

[! to 1.5 inches.}

| I | i
6.6 2.1 1.2! 5.1 0.0 14.0|—1.3! 1.4—2.0 0.0—0.8—0.9 —1.6{ 0.3
7.6 0.6 10,4 3.50 2.0 32.3| 174 6.8 0.3—1.5'—0.5—0.6| 0.7| 15.3
3.4 8o 287 &35 2500 27,2 —2.61—1.2 0.8 0.8 0.0 10.9 7.7
6.3 4.4 89 4.3 6.7 10.9] 15.0) 16.6—0.5 710 L8 4.0/ 0.9 2.7
.00 31 100 3.9 48139 10108 61 0.6 17 L9 1.6 82
13.8/ 18,2 1.2 7.5 0.3 0.6 9.8 2.8 0.3—2.1—0.3 24.918.3] 11.3
14.9—0.9] 2.5 0.7 5.8 5.8-0.7 0.7, 0.9 7.2/ 229 7.0 15.2! 15.2
15.20 3.0 1.3 11.427.8 20.6/—0.2( 8.0!—0.1] 6.7 25.6] 5.9 10.7 1.6
—1406] 0.3— po4— a1l T T |0 R R O N IS
L | I | | l
[1.5 to 2 inches.]
0. 6! .10 .1 0.5 0.2/ 5.0 0.0 0. 9!‘.’.4'3. 8!15, 4! 3. 2! 2.2—1.9] 2.2
7.01 0.9 1.2—1.0 15.021.5 5.2 5.4 2.2 5. 7111 9.6/ 7.8 9.7
6.7 7.526.4] 0.8—0.3 6.1] 0.0; 1.0| 5.5 9.2 5.8 2.5| 2.6 3.4
——1.2’11.2|- 1.5—3.1 l.1|10.2 6. 2—3. 4. o]t ' ..................
[2 to 2.5 Inches.]
0.1 5.9 2.4 o711 1.9 8.1] 0.9 1.0 15.918.6] 7.7 2.1]—0.3
8.8 2.621.0—0.7}131 2.0] 4.8 0.515.2—14.8‘--.. ..............
[2.5 to 3 inches.}
—2.213.1]383(5.7 17.6l

[3 to 3.5 Inches.]

20.4 1 2.4 6.8'

[3.6 to 4 inches.]

0.1(4.8

[4 to 5 {nches.]

20.9 [ 12.4 l

[5 4 inches.}

7.4 22,4




RBPORT OF THE CHIEF SIGNAL OFFICER. 99

The following tuble contains the river rises associstod with rainfalls of over 1
Inch occurring at more thun two of the above places:

RiveER RI1sEs AT CINCINNATI.

Dute. Risc. i Date. Riso.
Feot. Fect.
June 7 to 15, 1880 oeomua.. 27.2 ‘ Jan. 15 to 20, 1885 ... 21,0
Nov. 18 to 24, 1881 ... 15.0 [ Aug. 2 to 10, 188h ... 7.4
Feh. 19 to 21, 1882 ... %57 | Sept. 8 to 12, 1886 .. 10.3
Mar. 20 to 24, 1882, ..oeooo. 18,6 | May 12 1o 16, 1886, ... 4.8
May 5 to 19, 1882 ceceoeooe 10.9 5 Dec. 31 to Jan. 1, 1888, ... 6.7
Feb., 6 to 10, 1883 ccccaomonn 2004 || Jan. 5 to 13, 1888 ... 25. 6
May 20 to 24, 1883 ........ 10.8 ) July 8 1o 15,1838 . _..... 22,4
Dec. 23 to 28, 1883 ... 8.3 5 Aug.16 to 19, 1888 ... L1
Feb. 6 to 14, 1884 ... $17.6
i
*52.0 to 58.6. +53.5 to T1. 1. 1+ IFall.

Nothing very definite can be inferred from these figures. In general it can be
said that & rainfall of more than 1 inch in twenty-four hours at three or moroe
widely separated stations will cause a rise in the river at Cincinnati of about 16
feet on the average in the five days {ollowing for medium stages of water.

When thero is a rise at Cincinnati associated with a rise at Marietta and an
extensive rainstorm of this sort covers the valley below Marietta, the water stage
at Cincinnati will be more likely to attain one of its maximum stages than other-
wise. :

There are two notably heavy and widely extended rainstorms which caused
large rises in the Ohio River at Cincinnati, that of September 12 to 14, 1878, and
May 31 to June 1, 1884, :

Ruainfall September 12, 13, and 14, 1878.

CAACIANALL « o am = e rmcmeemme e mm s cecescooaamcmoeeoo 0.64
Dy PP P R 6.28
PIABDUIE - - v wmmcm e e mmmmm e mm o mmm s onsosceeossssnoees 4. 48
CLOVEIANU - o e m e e mmm e em e e m e e ma s meeome-eoooeseceoos 1.83
)OS VR EEEE PP PP PR TSR EES - 2.52
BUIFALO. - - - o o cee o me e e mesesocoesasooos s 2,05

The river riso at Cincinnati was 29.9 feet.  September 12, 5.4 fect; September
16, 35.3 fect. L
Ruinfall May 30 to Junce 1, 1889.

CHRCINNALL -« oo csmmm e e mmmmmmm oo m e ocoocosaasmecnon 0.10
D T L R T e LR R L LR 1. 49
COIUNDUSE — - - e omee e m o e e memmmm e m e e e oseeooeososso- 0.76
L ST T L LR LT 0. 72
Pittsburf - ocoocemaicee e amee e O 1,44
CLeVELANM - - o v e emm e mecmm e m e meemescmmeecooaeae 2.3

b2 Y O s IR S ST 1.93

The densest part of this rainfull of June, 1889, was in tho mountainous part of
the drsinage arca of the Ohio River basin above Pittsburg, whore tho rainfall
was in some places as high as 6 inches (sce Weather Roview for May, 1889). The
rise of the river at Cincinnati May 20 from 12.3 to Junc 6, 33.6, was 21.3 foct. At
Parkersburg May 30 from 6.5 to Junc 3, 23.8 the rise was 17.3; at Pittsburg May
31 from 4.3 fo Junc 2, 21.8, the risc was 17.5 feoet.

+ The extent to which heavy rainfall at Cincinnati influences the stage of water
in the rivor is shown by the jollowing listof rises which have occurred in a singlo
da’i, and the accompanying rainfalls.

‘ho tablo shows that the stoepest rises are not associated with heavy local
rainfall. For instance, the rainfall of Soytemher 14, 1878, was only 0.64 inch at
Cinelnnati, while tho river rose in a single day 233 fect, tho groatest daily rise
ever known. TThis risc was undoubtedly caused by the howvy rainfalls farther
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up the river.

Pittsburg, 4.48; at Cleveland, 4.83.
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At Marietta 6.28 inches of rain fell September 12, 13, 18785 at

Gauge Rise in | Ruinfall at
Date. reading, |twenty-four| Cincinnati.
Cincinnati. hours. Inches.

Dee. 21,1865 oo : 11.8 17.8 fooeoeoe-
Dec. 22, 1867 oo ' 20.6 [ B
Nov. 26, 1877 < oo .9 13.7 0.4
Nov. 27, 1877 - e 22,6 T
Sept. 14, 1878 oo 3 22.2 0.6
Sept. ]o, 1878 el 5 I PO
Dee. 23,1883 e .2 11.2 3.1
Dee. "4 1883 el ) )1 70 O
Dee. 25,1883 . oo .6 -7 T SN
TFeb. 5, BT 5 6.7 2.5
Mar, 11, 1884 .o oo .9 6.8 0.8
Dec. 12,1884 oo 7.6 5.6 1.3
Jan. 15, 1880 1o oo oo 25.0 9.4 2.2
Jan. 16, 1885 oo oo 34,4 6.7 0.8
Dec. 13,1885 oo 14.2 6.4 0.5
Nov. 17, 1886 - ot 6.7 4.5 0.9
Nov. 22,1886 - - ool 18.0 5.5 0.7
Nov. 23,1886 .. 23.5 6.2 0.7
Apr. 22, 1887 e 28.9 16.6 2.0
Jan. 7, 1888 .- 15.3 5.0 0.8
Feb. 4, 1888 i 9.3 5.0 0.5
Aug. "1 1888 . i aaaaae 6.6 10.2 2.1

The following table contains alist of excessive rainfalls at Cincinnati amounting

to 2
in the river.
Cincinnati.

river of 8 fect within two days.

.5 inches or more occurring in twenty-four hours, and the associated chdnrrc:
Camp Dennison, College Hill, and Mount Auburn are places near
As a rule a fall ()f 2.5 inches of rain at Cincinnati causes a rise in the

EXCESSIVE RAINFALLS AT CINCINNATI AND ACCOMPANYING RIVER RISES.

Rainfall in twenty- . g
four hours. ¥ Gauge readings. g
. j=ge]
Locality. g §§
Date. 4 Date. |Feet.| Date. |Feet.| &
= a
Camp Dennison | Sept. 3,4, °G4 [ 4.80  Scpt. 3 | 11.8 | Sept. 5 | 18.3 | -+ 6.8
(near Cincin-
nati). I
Cincinnati........ Dee. 31, 711 -] 2.50 | Dec. 31 | 10.8 | Jan. 11 16.8 | 4 6.0
Dec.12,13,773.1 2,75 | Dee. 12 1288 1 Dee. 14 | 36.4 7.6
Feb. 21,74 273 Feb, 211 30.1 | Feb. 23 | 38.8 j: &7
College Hill (near | June 21, 775_..| 3.00 } June 20 | 10.8 | June 22 | 17.2 | + 6.4
Cincinnati). | i :
July 22,775 | 2,50 1 July 21 | 24.8 |.July 23] 32.8 :l: 8.0
Nov. 14, '75.. .1 2,50 } Nov. 13 | 15.6 | Nov. 14 | 16.2 0.6
Cincinnati-..---.. Jan. 17,18, 761 2,97 | Jan. 18 | 19.9 | Jan. 19 | 28.1 | 4+ 8.2
Oct. 22,2376 2,64 | Oct. 22| 7.2 | Oct. 24 | 12.5 | 4 5.3
College Hill.-._ - July 2 250 [July 2| 2.4 LJuly 4 [ 118 | — 0.0
Cincinnati...----- May 25, 2.98  May 26 | 12,9 | May 27 | 14.1 1 + 1.2
College Hill...--. May 26, 79 .| 300 P May 260 12,09 [ May 27 Lh1 - L2
Mount  Auburn | May 26, ° w9 3.3 May 26 | 12.9 May 27 | 14.1 | + 1.2
(ncar Cincin- |
nati). }
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EXCESSIVE RAINFALL AT CINCINNATI, ETC.—Continued.

s - o
Ruu}g\‘}i i;:ntl‘lv: nty- | CGauge readings, é
Locality. T . E §
< ~—

Date. = Date. | Fect.| Date. |Feet. %

R @]
College Hilt._.... Aug. 15,7701 3,00 { Aug. 15 | 10.0 ¢ Aug. 17 12,4 | + 2.4
Aug. 24.25,7791 2,50 | Ang. 24 | 6.5 | Aug. 26| 16.2 9.7
Cincinnati...----- Aug.24,25,779.| 287 i Aug. 24 6.5 | Aug. 26 | 16.2 0.7
Mount Auburn - ..| May 10,11,'80.| 2.82 | May 10 | 16.9 May 12 | 15,1} — 1.8
Cincinnati. ... .. May 11,80 .| 0.14 _ May 10 | 16.9 ) May 12151 — 1.8
June 14,15,'80.] 8.12 | June 13 | 9.1 | June 16 [ 18.0 | 4 8.9
Mount Auburn ...l June14,15,’80.] 3.80 | June 13 | 9.1 : June 16 | 18.0 | + 8.9
College Hill..._-. June 14, °80_..} 3.00 {Junc 13 | 9.1 | June 16 18.0 | 4 8.9
Mount Auburn _..| Aug. 23,80 .| 2.95 | Aug. 22 12.8 ' Aug. 24 | 13.7 | 4+ 0.9
Cincinnati..._.... Dec. 4,5,'80 .| 3.10 i Dec. 4| 21.8 | Dee. 6 35.9 | +14.1
College Hill.._._. Dec. 4.5, 780 - | 3.50 | Dec. 4 21.8 . Dec. 61359 | 4141
June 7,8, '81_ | 2.50 [ June 7| 7.8 1June 9 10.7 |+ 2.9
Cincinnati. . .....- Nov. 10,81, .| 2.50 i Nov. 10 | 15.8 | Nov. 21 | 12.7 } — 3.1
College Hill._.._. Jan. 4,'82 ___ | 2,50 [ Jan. 4 [ 35.1 [Jan. © 26.7 | — 8.4
Cincinnati. ... ... Mar. 19, 20,'82.| 2.54 | Mar. 19 } 25.8 | Mar. 21 | 39.6 | 4+13.8
Oct. 28,29,°83_| 3.06 | Oct. 28 | 5.8 I Nov. 1 18.2 | +12.4
Dec. 23,24,'83_| 2.60 | Dec. 23 | 1L 2 | Dee. 25 | 35.6 | 4-24.4
Feb. 5, 6, '84 __| 2.50 | Feb, 5| 53.5 | Feb. 1 1.8+ 4+ 8.3
Aug. 6,7,'85.{ 2,62 | Aug. 6 10.06 Aug.10 {1 16.2 | 4 5.0
College Hill.... .- Aug. 17,786, 2,90 - Aug. 16 | 7. 2| Aug.17 | 13.2 14 6.0
Cincinnati.......- Feb, 23, 87 ...] 2.98 1 Feh, 24 | 417 | Feb. 23 54.6 | 4-12.9
College Hill .. ... Aug. 20,2188 | 3.75 | Aug. 21| 6.6 | Aug. 26 | 32,0 | +25.4
Sept. 10,16,°88.1 3.75 | Sept. 14 | 19.7 » Sept. 1512054 0.8

The following are heavy rainfalls of 2.5 inches or over occurring in twenty-
four hours at Portsmouth previous to 1858, the yeur in which river-gauge read-
ings at Cincinnati were begun: :

RAINFALLS IN TWENTY-FOUR HOURS AT PorrsMouTH, OHIO.

Date. Amount. | Date. Amount. | Date. Amount.
| ;.
Inches. i Inches. | Iaches.

Aug. 18,1832 ) 3.60 i July 27, 1837 4,20 1 July 11,1843 3.20
Jan, 12,1834 | 3,20 | Sept. 8, 1837 3.30 1 July 30, 1843 2. 60
Jan. 16, 1834 2.50 || Oct. 26, 1837 2,90 i Nov. 1, 1846 3.38
Nov. 23,1835 3.20 | Sept. 8, 1839 3.10 3 Aug. 9, 1850 2. 60
Nov. 206, 1836 2. 90 l Apr. 29, 1840 2,90 || Aug. 1, 1855 3.00
June 19, 1837 2,90 i June 26, 1810 4,60 '
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The following table gives the dates on which excessive rainfall occured at two
or move stutions in the State of Ohio, the means of the rainfalls, and the change
in the river at Cincinnati:

Excessive rainfall over wide area. R“” -gauge reading at Cmcm-
nati. Change
; ‘ in river
Daite. Inches. t?(}::; Date. TFFeet. | Date. Feet, | ' tret.
Aug. 21875, ... 3.2 2 Aug. 1| 37.0 | Aug.” 6| 55.3 18.3
June 5. G, 1877 _____ 4.2 2 1 June 6! 7.8 1 June 15 16.4 9.1
June 20, 21,1877 ... 5.0 2 1June 21 13.0 [ June 24 16.7 3.7
July 26, 1878 _. 3.1 20Ty 307 6.2 Aug. 4 4.0 7.8
Sept. 11, 13, 1878___ 5.2 20 Sept. 13 5.2 1 8apt. 17| 35.9 30.7
Aug. 19, 20,1880 . _ 4.6 20 Augs 19 7.0 | Aug. 24 13.7 6.7
Nov. 18,14, 1881} _. 2.7 2 | Nov. 18 TL.8 | Nov. 24| 206.8 15.0
Aug. 2,3, 1885 . 3.8 3| Aug. 2 8.8 i Aug. 10 16.2 7.4
Sept. 8, 1885 ... .. 3.0 4 [Sept. 8| 10.2 Sept. 15| 15.4 5.2
Aug. 16,1886, ... 2.8 2 Aug. 161 7.2 | Aug. 17 13.2 6.0
Aug. 17, 1886_____. ! 3.3 b ) PR R B
Sept. 23,1836 ____. 3.9 3 IsSept. 230 L8 | Sept. 20 6.7 1.9
July 8,9, 1888 __.__ 3.8 5| July 8: 8.8 |July 15| 3L5 2.7
Aug. 20,21,1888.. .| 3.6 51 Aug. 211 6.6 Aug. 26| 32,0 | 25,4
H | B

This table shows that as arule excessive rainfall of 2.5 inches or more in twenty-
four hours occurring at:three stations in Ohio, 60 miles or more apart, will be
followed by a great.rise in the viver at Cincinnati within a weck.

There are exceptions to the rule. for instance, the rainfalls of Septomber 23,
1886, are followed by a rise of only 2 feet. It must be in this case that the heavy
rainfalls did not cover the counin between the stations.

In the following tables are given the stages during the prineipal viver rises at
Cincinnati since 18.3 and those cor 1cspond1u<r at Mar 1cetta, (,hmlcbton, and

Louisa.

Charleston, I

Cincinnati. ., | Marietta. W. Va. ; Touisa, Ky.
Date. iStugc.iDutc.lStugo. Date. S‘ D‘m, sStage.
1873, i

May 31222 30 9.8

May 6 I 288 341 1L8 K2 S

May 9380 6 24.2 6o e

Oct. 241 15.2 '

QOct. i 27 [ 148 2 4.2

Nov. i K 30 | 18,2 27 4.8

Dee. 121288 91130

Dee. 15 35,7 12 25,5 12 7.6

Dee. 187 44,4 15 | 38.8 5] 7.7
1874, J

Jan, 712605 B 2R Y

Jan. 10 l 41,4 61165 ) 61 9.7

Jan. 13 1 46.8 O 38 91 16,3

Jan. 211 22,3 181 8.0
1.0 211300 21 9.0
Jan. 27359 2400235 24 8.2

Jan. 24 ! :
l
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Cincinnati. Marietta. Chva‘.rr.lcgg(.m, Louisa, Ky.
Date. [Stage| Date.|Stage. Date. |Stage.| Date. [Stage.
1873.
Feb., 13 16.3 10| 6.2
Feb. 16 | 24.1 13 7.0 13| 5.4
Feb. 19| 3L.9 16 | 22.0 16 | 10.0
Feb, 20| 31.4 18 | 18.5
Teb. 23 | 38.8 21| 11.0 217 5.9
Feb. 26 | 44.0 24 121.6 241 6.0
Mar. 19 | 16.3 16| 8.2
Mar. 22 | 22.9 19| 8.4 19| 5.0
Mar. 25 | 28.8 22117.8 22 (11.3
Apr. 27| 31.9 23 119.2
Apr. 30 | 44.5 26| 10.8 26 | 23.2
May 2|46.0 291 25.6 29115.8
Dec. 28| 16.1 25| 8.6
Dec. 31 |22.7 281 6.7 281 6.6
1875.
Jan, 31332 311 25.5 31| 9.8
Feb., 24| 13.6 21| 5.5
Feb, 27| 28.1 241 1.8 241 4.9
Mar. 2|42.6 27119.9 27 | 31.8
Mar. 14 | 32.9 11 ] 11.8
Mar. 17 | 36.6 14 | 19.9 14} 9.6
Mar. 20 | 41.5 17 1 29.1 171112
July 11 | 14.6 10 4.4 1] 1.0
July 14 [ 23.8| 13| 4.8
July 17 | 36.0 16| 5.1 14 | 20.0
July 18 {Fall'g
July 21| 24.8 21| 6.7
July 25| 31.8
July 31} 34.8
Aug. 3| 471.9 ) G PR 31| 9.3
Aug. 6]55.3 313.1 31303
Nov. 21 | 14.8 187 9.7
Nov. 24 | 14.4 21, 1.1 21| 5.6
Nov. 27 | 20.8 24| 11.0 24 110.2
Dec. 24| 11.6 21| 5.5
Dee. 27| 33.3 241 16.8 24| 5.6
Dee. 30 | 47.7 271339 27| 8.8
1876.
Jan. 23135.2 201137.9
Jan. 26 | 44.8 23 120.5 23| 8.0
Jan. 29 51.8 26 | 21.7 26 | 11.8
Feb. 10 | 32.2 711323
Feb. 131 38.8 10} 19.5 10| 7.8
Feb. 16 [ 44.9 13| 31.2 13 1 10.4
Mar. 15 | 26.6 12 1 15.9
Mar. 18 | 28.2 15 | 14.6 15] 6.9
Mar. 21 | 31.2 18 | 18.6 18| 9.5

108



104

REPORT OF THE CHIEF SIGNAL OFFICER.

Cincinnati. Marietta. C]%I:k{?&n’ Louisa, Ky.
Date. !Stagc.l Date. ;Stuge.l Data. iStage.;Date. liStage.
1876. \ [ ‘ 1
Mar. 25 | 25.8 23 11.2 |
Mar. 28 '84.21 26 lig2! 26. 89
Mar. 31 [ 40.31 29 zz.s‘ 29| 11,0
1877, H
Jan. 14 | 32.4 ‘ 101 7.7
Jan. 17 4651 13| 88| 13[13.0
Jan. 20 ; 53.21 16 28.0 i 16 33.3
| i N
Mar, 1102081 7,125
Mar. 14 138.3] 10 220, 10 1.5
Mar. 17 139.7 I3'259) 131 W7
el oy
Mar. 23 1 28.8 | 20 12,0
Mar, 26 1 30.4 | 231168 ] 23] 1.4
Mar. 29 [43.0 | 26121..2) 26 6.4
Nov. 23| 85! 20| 5.8
Nov. 26! 89| 23| 5.8, 23] 3.8
Nov. 29 a7 26 (21,2 261|268
1578, | |
Jan. 12 8.6\ 101 4.5 |
Jan, 15 12681 13142 13[14.3
Jan. 181 28.81 16 17.9] 16116
Feb. 22 1 22.4 19 [ 11.2
Feb. 25 25.8] 22712.4[ 22| 7.2
Jeb, 28 .32.0] 25 |227( 25(13.4
|
Mar. 11, 22.7 g'12.0!
Mar. 14 1298 112, 11| 7.0
Mar., 17 { 33.3 14 16,0 | 14 { 16.0
Apr. 27 112,21 25| R0
Apr. 30 [23.2] 281137 28| 8.8
May 3|30.8 1] m.sl 1112.0
Nov. 25 [ 16.8 | 231112,
Nov. 28 121,80 94,17.8"' 26| 9.8
Dec. 1138.0, 291262 20|21
]
Dec. 9log7| 7 | 15.7
Dec, 12)29.8 1 10 ' 1451 101 7.5
Dec. 15 (413 113|321 13 ]4.8‘
1879.
Jan. 15 (2460 12} 7.8 ; l
Jan, 18| 26.5H | 150 7.2 15 l 21.0
Jan. 21 | 33,80 IS {12 a8 32
Jan. 27| 32.3 .
Jan., 30 0 33.2 RYENES P 27 9.2
Beb, 2 140.2] 3012821 30130
Mar. 9 29.2 7] 20.7
Maes 12036310 101255 10! 8.7
Mar. 15 [ 38,0 1312007 13 86
Mar. 24 130,31 21 | 13,3
Mar. 27 1361 241210 24} 83
Mar. 30§ 30.2| 2T | 20.5 27| 1.8
|
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[P
Cincinnati. . Marietta. l(’h\z\l}'k'\';‘g‘m’ Louisa, Ky.
Date . Stage.! Date. ;Stuge. Date. !Stagc. Date. %Stuge.
1879. |
Dee. 21| 17.6] 18| 9.5
Dec. 24 | 22.1] 21| 7.0 201! 6.0
Dec. 27 142.8 | 24[12.0] 24| 9.8
1880.
Jan. 3247 31113 ;
Jan. 6383 3 26.1 3! 5.7
Jan. 9 {42.0 6| 217 6' 5.1
Feb. 11 | 14.0 8! 7.0
Feb. 14 | 37.8 | 111 6.5 11| 4.9
Feb. 17 {53.21 14]25.2] 14262
Mar. 52171 2]125
Mar. 8343 5155 51 5.8
Mar. 11 [ 45.1; 8218 8| 8.8
Apr. 23 | 14.7 20 6.4
Apr. 26 130.0] 23| 6.2] 23| 5.1
UApr. 29 | 45.4 | 26!185] 26|19.8
{
June 151167 | 12 4.1
June 18 | 18.8 15 7.0 15| 5.4
June 21 [24.81 18 18.0| 18[ 8.4
Deec. 2 10.5 30 3.8
Dec. 5130.2 2| 7.4 2129
Dec. 81370 51205 5| 7.4
1881. '
Jan., 18 |28.3| 15 11.0
Jan. 201 [28.5| 18, u.8| 18| 6.8
Jan, 24135.8| 21 14.6] =21]10.8
Feb. 10 | 34.8 7| 6.2
Feb. 11132.8
Feb, 13 1 43.3) 10[2.5]| 10| 6.3
Feb., 16 | 50.5 | 13 [39.5| 13 16.8
Apr. 11 35.6 8| 8.0
Apr. 14 3871 11|14.6] 11(119
Apr. 171426 14!2001 1314|140
June 9| 10.7 6l d.6
June 12| 17.9 91 11.0 9, 5.7
June 151350 12(3LG| 12: 5.1
Dee. 1211221 9| 7.3 :
Dee. 15 117.8 . 12| 6.5 12 4.4
Dee. 18 83.7! 1501220 15 1Ly
Dee. 26 3481 923145 |
Dee, 20 39.3| 26 2L.7| 261 87
1882, |
Jan. 1 41.1] 30.26.3| 29140
| ;
Jan., 10 | 37.6 8 | 13.8
Jan. 131468 11,2050 11131
Jan. 16485 14 | 26,3 14,9
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!Chzu‘]esmn, Il 7

Cincinnati. Marictt, W. Va, | ouisa, Ky.
Date. i;t.age,.' Dutc.ismgc. ])ato.:smgc.i: Dut(r.ISt,agc.
1882,

Feb., 15| 42.2 115215

Feb. 18| 51.5 14| 21.8 14| 11.8

Feb. 21 {58.6 171255 17 20,8

Mar. 4| 246 1123

Mar. 7| 31.2 41 14.8 I o

Mar. 10 | 39.4 T115.5 91 0l

Mar, 18 | 26.7 15 1 148

Mar. 21 | 39.6 18 | .21 180 6.5

Mar, 24| 46.9 2012500 21 | 185

Apr. 24136 21| G5 |

Apr. 27 [ 17.5 240089 240 L9
Apr. 30 ;24,2 271144 27 T4
May 10| 30.7 81 9.8 ,
May 13 | 36.8 115 15,5 11 0.7
May 16 | 46.4 14| 26.0 14 | 1R, 8
June 9| 26.4 G1I7.2!

June 12 [¥20.0 91 13.2 9 00
June 15| 35.0 12 | 10.8 12| 4.2

1883,
Jan. 18] 15.2 15 4.3
Jan. 21| 23.3 18| G.8 18| %
Jan. 24 31.3 211162 21 | 12,0

T
fon

IFeb. 9 |56.3 G| 34,1
Feb, 121 62,9 0143, 9] 20,4
Feb. 15| 6G. 3 12 ] 30.0 120256

Apr. 3| 43.3

-1t

Apr. 6| 37.5 3116.0
Apr. 9 46.5 G1130.9
May 23| 22.5

May 26| 23,2 23 [ 4.6
May 291 27.3 20 4.9

Dee. 22 | 11.2
Dee. 25 1 35,6
Dee. 281 49.5
1884.
Teb., 5| 583.5
FFeb., 81 62,9

.8 21 1.9
17.6 251 26.0

o
<o
o

1o

5129.9

(
¥eb, 11 66.8 R 49,5 8| 21,8 §120.0
Feb, M 37011 1rlde 1| 11284 11459
Mar, 11 | 40.9 09 9.0 {
Mar, 14 | 48,3 12 1oy 5 12 ] 12,8 121 28,0
Mar. 17 1 49.6 | 15 Il 2| 1l 1n 203

1885. i

Jan. 1[15.3] a1 1.8
Jan. 4117.3 tireel o3t 36| 31 3.0
Jan. 7| 95.3 311680 3| 44 3] 3.2

* Falling.
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Cincinnati. Marietta. Chva";:l(i?;(‘m’ Louisa, Ky.

Date. |Stage.|Date. |Stage. Date. .!Stngc. Date. !Stage.

1885.
Jan. 14| 243 12 12,7
Jan. 17| 41.1 15 | 14.8 15| 8.4 15 &0
Jan. 20| 46.0 18 1 30.5 181 17.4 18 | 20.0
Teb. 61} 13.8 3] 9.0
Feb. 9199 6110.0 6 5.8 4.4
Feb. 12| 28.6 91130 9] 6.0 9| 7.0
Mar. 1]16.7 271 6.5
Mar. 4| 23.6 21 9.2 21 9.6 2110.5
Mar. 7245 5] 14.0 51 1.4 5| 7.0
Apr. 2]10.8 0] 7.8
Apr. 5| 255 21128 2| 6.8 21 4.5
Apr. 8] 33.0 51232 5| 9.5 51 85
Apr. 15} 26.5 131 16.0
Apr. 18 | 31.7 16 | 14.7 16 | 6.4 16| 4.6
Apr. 21| 36.8 19 | 20.1 19 | 12.1 19 | 26.0
Dec. 111{13.5 81 7.0
Dec. 14| 20.6 117 10.1 11| 8.4 11} 4.6
Dec. 17 | 30.1 14 ] 16.5 14 1 10,6 14 | 10.5
1886. .
Jan. 3]14.2 11 80
Jan. 61 26.8 4113.8 41 6.9 41 7.0
Jan. 9] 39.1 71287 71 16.4 7114.2
Feb., 12 21,7 91 6.2
Feb. 15| 33.5 12 8.0 121 11.9 121 20.0
Feb. 18 | 40.5 151 29.0 15 | 13.0 15 | 14.0
Mar. 20| 14.4 18] 8.0
Mar. 23 | 23.5 21 111.3 21| 6.5 21 110.5
Mar. 26 | 31.0 24 | 20.4 24 8.9 241 13.8
Apr. 3|52.8 311232
Apr. 6| 542 31301 3| 200 31256
Apr. 9| 55.8 61241 6| 30.8 61385
May 8115.8 51 5.5
May 11 | 31.6 81 6.3 8(18.5 81 24.5
May 14 | 36.8 111 13.3 11| 9.7 11 | 12.8
Nov. 18 | 11.2 15| 5.4
Nov. 21 | 15.3 18| 8.8 18| 5.0 181 3.1
Nov. 24 | 29.7 21 (17,2 21| 6.7 21 3.7
Dec. 14 | 10.2 11| 5.5
Dec. 171 18.0 14 :1.1 4] 7.0 14| 7.0
Dec. 20 | 24.7 17 | 13.6 17| 5.3 171 8.0
1888, )
Jan. 7 |11.0 41115
Jun. 10 | 26.5 71130 71 5.0 8] 1.3
Jan. 13} 342 10 | 27.9 10| 7.3 10] 3.0
Fob. 24 | 17.5 221 9.1
Feb. 271 22.9 25 | 12.7 2y 6.1 251 5.0
Mar. 11241 28 | 17.0 271 6.4 271 5.5
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| ‘harleston., |
Cinecinnati. l Marictta. (’h\‘,{,’ lc\;gm, Louisa, Ky.
i

Date. iStagc Date. Stage{ Date. iStage. Date. Stage.
1888.
Apr. 6263 21175
Apr. 9224 5| 13.3 6| 5.6 6| 5.0
Apr. 12 | 32.9 9, 19.9 11 5.9 12} 5.8
July 9 9.1 Tl 5.8
July 12:25.8 10 1 20.3 6 4.9
July 15 | 31.4 131240 1 6.5
Aug. 20| 6.2 181 4.0
Aug. 23 19.2 21 7.8 21 4.5
Aug. 26 | 32.0 24| 28,5 24 5.2
Oct. 23,2801 21:14.3
Oct. 26 28.3 24 1 15.0 24| 1.7
Oct. 29 | 33.0 27 | 12.2 27 118.6
Nov. 3|21.8 311119
Nov. 6 |23.0 41 9.0 T 4.9
Nov. 9 33.5 7110.5 9| 4.8
1889.
Jan. 31223
Jan. 6] 244 3110.4 3] 6.9 41 6.6
Jan., 9| 315 6112.7 6] 6.9 6. 8.9
Jan., 25224
Jan. 281270 251 1.9 251 5.7 26| 9.1
Jan. 31| 34.5 281 13.5 28 | 14.5 28 | 14.9
Feb. 16 | 14.4
Feb. 19| 28.0 161 9.6 16§ 5.0 17| 5.8
Feb., 22| 38.1 19 | 13.0} ~19 1 22,3 191 21.6
May 30| 15.1
June 2| 26.0 30| 6.0 30! 6.4 31 6.4
June. 5| 33.3 2112.5 21239 2| 85
June 14 17.4
June 17 | 25.8 14 9.0 14 1 10.3 151 17.0
June 20 28.9 171 12.4 17 1 11,3 17 | 15.0
Nov. 9| 187
Nov. 12| 22,0 91 8.9 9] 6.5 10 | 13.5
Nov. 15 | 30.2 12 1 15.6 121 9.5 121 11.6
Nov. 21 | 247
' Nov. 24 i 20.2 21| 16,3 21 9.1 21 7.0
Nov. 27 33.6 241179 241 10.8 24 | 10.8
Dec. 10 | 17.9
Dec. 13| 23.0 10} 9.5 10} 5.6 11| 4.8
Dec. 16 | 28.4 13 ] 19.1 13 6.4 131 6.7
1890.
Jan. 6| 19.2 31 8.9
Jan. 9 133.8 6] 9.9 6| 5.5 7] 5.8
Jan. 12 40.2 9| 26.3 y|11.3 9115
Jan. 15 | 345 12 120.2
Jan. 181} 40.3 15 16.3 15 5.6 16| 9.4
Jan. 21| 43.8 18 29.9 181 7.4 181 13.5
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Cincinnati. Marictta. Ch\(‘t}l({?t:)n 'Louisa-, Ky.
L
Date. [Stage. Date.'Stage. Date. Stage. Date.[Stago.
| |
1890.
Jan. 30 | 203 271120
Febh, 21232 30 . 11,0 30 6. 4 31 6.6
Feb, 5 35.0 20 12,0 2, 140 25 10.7
F'eh, 5| 30.0 21120
Teb, 81867 A 13T 51111 61 13.0
Feh., 11| 43.2 84224 S 82 §116.9
Iebh. 161 30.9 121 16.9
Iebh. 191 35.4 15 | 16.1 16 1 12.2 17 1 11.5
Ieb, 22 | 43.2 18 | 25.8 19 8.8 19 | 10.0
Febh., 23| 43.0 20 | 22.8
Feh, 26 | 49. 1 23 | 26.2 23 8.6 24 1 13.7
Mar. 1]56.8 26 | 21.7 26 | 25,6 26 | 45.0
Mar. 20| 46.5 17 1 27. 4
Marv. 23 | 52.0 20 ¢ 19.0 20 1 16.3 21 ¢+ 24.7
Mar. 26 | 59.1 23 1 310 23 1 30.9 23 1 40.0
May 20120.6 17 | 17.3
May 23| 39.4 20 | 14.3 20 | 10.1 21 | 26.3
May 26 | 40.8 23] 26.2 231 9.9 231 15.3
Aug. 24| 10.6 21 .2
Aug. 27 | 13.8 24 5.7 241 5.5 25 3.1
Aug. 30| 20.8 27 (1204 27 5.6 27 4.8
Sept. 12 20.6 9 &0
Sept. 15 | 28.5 120 1.L5 121 6.4 13| 5.7
Sept. 18 | 35.2 15 | 27.2 15 6.2 15 3.9
1801.
Dec. 31* 25.9 1] 11.% 31* 6.0 31% 10.2
Jun. 3| 38.5 41345 3126.9 21 26, 8F
Jan. 6 | 487 oo i) 31262
T t
Feh., 19 1 41,5 181 34,5 19| 8.4 19| 12,9
Feb., 221 53.4 21 | 4.6 20| 8.0 221 28.0
Feb, 25| 57.3 t 22 | 147 23 [*32.5F
231 18.5
T il
Mar. 6] 33.0 6113.0 51285
Mar. 9| 35.4 01139 94 20.0 6| 20.3
Mar. 12 | 43.3 12 2(12.8 10 { 22.0 94 25.4
T

*1890.

t Crest.
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Theso stages of water observed at Parkersburg, Charleston, and Louisa are
available for devising a method of computing the rise of river at Cincinnati.

For any particular rise in tho water at any of these
may be considercd to be greator at Cincinnati the less the stu
cinnati, and the greater the stago at any of the other places.

places theeffeet of tho rise
ac of waterat Cin-
On this basis a

rule is derived for computing tho rise at Cineinnati in terms of thoso ut the

other places.

The riso at Cincinnati from three days before a crest until the day of the crest
multiplied by the stage three days beforo the crest was placed equal to an un-
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known factor multiplied by the sum of the three to six day rise or fall preceding
the Cincinnati crest at Parkersburg, Charleston, and Louisa, each multiplied by -
the mean stages at those places for the three days. By solving the equations
from seven cases since 1884, where the Cincinnati slage was greater than 40 feet,
this factor for the risec is found to be 0.34 for a mean stage of 50 feet. From nine-
teen cases where the Cincinnati stage was between 25 and 40 feet, the factor is
found to be 0.75 for a mean stage of 30 feot. Accordingly the following rule 18
adopted for computing the crest of the flood wave at Cincinnati from the stage
at Cincinnati three days before crest and the stages and changesin the rivers at
Parkersburg, W. Va., Charleston, W. Va., and Louisa, Ky., which occur three
days and six days before the Cincinnati crest.

At any time when the river at Cincinnati is at a rising stage and has been
fising for at least three days, then the rise in the next threc days will be as fol-

ows:

The rise or fall in feet at Parkershurg, Charleston, and Louisa for the three
days preceding tha Cincinnati rise, multiplied by the mean sty s at the respec-
tive places for the three days, are added together.

This sum is multiplied by the following factor, dependent on the stage of river
at Cincinnati, and divided by the stage of water at Cincinnati,

i
Stage. | Factor. I Stage. | Factor. || Stage.| Factor. | Stage.| Factor.

25 0. 95 32 0.67 39 0.44 | 45 0. 37
26 0.97 ' 33 0.63 1 40 0.42 46 0. 36
21 0.87 34 0.59 i 41 0.41 | 47 0.35
28 0.83 | 35 0. 55 42 0.42 ¢ 48 0.34
29 0.79 v 36 0.51 43 0.39 j 49 0.34
30- 0.75 ! 31 0.48 44 0.38 |, 50 0,34
31 0.71 |' 38 0,46 ||-ceemmenfommmenaann feeererme]eevenaren-

In the following tables are shown the observed rises at Cincinnati and the rises ‘
computed by the rule.

Cincinnati. Cincinnati.
Gauge | Rise in| Com- Gauge |Rise in| Com-
Date. read- | three | puted Date. read- | three | puted
ing. | days. rise. ing. | days. rise.
1885. 1890.
Apr. 5 25.5 1.5 82 Jan. 0 33.8 6.4 6.8
Apr. 18 31.7 5.1 9.7 Il Feh., 2 23.2 11. 8 5.2
1886. : Feb., 8 36.7 6.5 2.4
Jan. 6 26.8 12.3 16.8 | Feb. 19 35.4 7.8 2.5
Feb. 15 33.5 7.0 5.1| May 23 39.4 1.4 0.0
Mar. 23 23.5 7.5 8.1 || Sept. 15 28.5 6.7 7.0
Magy 11 31.6 52 5.8 1884.
1888. Feb. 11 60. 8 4.3 3.0
Jan. 10 26.5 7.7 10.3 || Mar. 14 48.3 1.3 0.7
1889. 1885.
Jan. 6 24.4 7.1 1.5 | Jan. 17 41.1 4.9 6.7
Jan. 28 21.0 7.5 7.1 1886.
Feb. 19 28.0 10.1 14.8 | Apr. 6 54,2 1.6 3.3
June 2 26.0 7.3 11.8 1890.
June 17 25.8 3.1 0.8 | Jan. 18 40.3 3.5 3.5
Nov. 24 29.2 4.4 2.0 | Feb. 26 49.4 7.4 7.7
Dec. 13 23.0 5.4 6.2 || Mar. 23 52.0 7.1 7.4

The %reat floods are only produced when there is & conjunction of circumestancet
exceptionally favorable for flood production, such as successive floods in the trib .
utaries added together, long continued rainfall, frozen ground, small evaporation

eto,
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Floods oceur only in the carly pari of the year. The great floods are to some
extent associated with the melting of the accumulatod snows of the winter.

It makes a difference in & flood whether the ground is previously frozen to
some depth before snow has fallen.

The rate of rainfall and the absolute quantity of water that falls are the chict
determining causes of Hoods.

The character of the ground is a matter to be considered, whether suturated
by a series of preparatory rains, or whether frozen hard so that no water can be
absorbed. Tn the caso of frozen ground 72 per cent of the rainfall or molted
snow runs oll.

Some idea of a coming stage of water can ho formed from gauge readings mado
at Cincinnati alone. The average duration of important rises is about six days,
The daily rato of rise increases from the sixth to the third day before a orest
und diminishes from thoe third day to the day of crest.

Thecaverage of successive daily rises at Cincinnati for six days preceding
crosts are as follows :

Feet
BER 10 5N e ee e e ce e e cememacesceesaeaeeseeemceeacnaecceacne 2.2
BEH £0 4811 v mn e ee e e e mm e e e e e e e mmeeme e memececmmecacv .- 3.2
4th 10 A oe oo c et e e e cccameeeamee—ee e —nen 3.8
BA 0 2 - e e e e e e e — e e em e v 4.0
RS O T 1 PSPPIt 2.8
TSt 10 CIOST o e e e e e e e e e e e e eemcvaa = e 1.3
MEAN STAGLS.
Parkersburg Charleston Louisa Cincinnati,
< S e e ) s three days after.,

Feet. Tect. Feat. Fect.

24.9 12 15 L3917

24.9 2% 42 55.5

33.3 . 4 2.6

33.1 30 40 57.2

35.2 15 20 48.2

33.1 30 40 57.2

44,7 8 21 51.3

46, 6 27 45 68.7

55.0 21 29 71.1

The eorvesponding wave crests at Catlettshurg and Cincinnati, one day later in
the case of medium stages and in two or three days for stagoes above 50 fcet, are
as follows

Cincinnati, ” Cincinnati,
Catlettsburg. | two or three | Catlettsburg. | two or three
days after, | days after.
|
Teet. Fect. | Feet. Feet.
32 3.4 | 44 47.2
33 34.5 ! 45 48.5 "
34 00H '
35 36. 6 ; 46 50.0
: 47 51.5 41.1
36 Bl ) 48 52.8
37 388 i 49 537
38 40.0 : 50 54.5
39 41. 3
40 42.4 51 55.4
52 56.2
41 43.5 b3 57.1
42 44.6 54 57.8
43 45.8 55 58.5
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LOUISVILLE, KY.

The danger lino at Louisville is at tho 24-foot stage. .

The highest water ohserved was 46.6 feet, February 16, 1884,

The distance to Cincinnati is 132.5 miles.

The difference in level of the zeros of the gauges at Cincinnati and Louisville
is 20.7 feet. )

The corresponding crest-wave stages at Cincinnati and Louisville one day
later are given in the table below.

b |
Cincin- Louisville, || Cincin- Louisville, | Cincin- Louisville,
nati. |one dayafter.]|  nati. onc day after. nati. ;one day after.
i li
13 7.2 f 33 13.0 i 53 29,2
14 7.2 405 | 34 13.3 | 54 30.6
15 7.4 R 13.8 . 55 31,5 40.7
16 7.5 . 14.4 | 56 32,8
17 7.9 o3 15,1 | 57 31.0
18 8.2 ! 38 15.6 | 58 35. 3
19 8.4 : 39 16,3 | 59 36.9
20 8.7 4:0.3 |-| 40 16.9 411 ¢ 60 38.92
21 9.0 | 7.5 6L | 30.4
29 0.3 L4 18,1 62 40.5
23 9.6 It 18,7 63 41.5
24 9.7 i 44 1. 4 64 42,5
25 10.2 i 45 20, 4 65 43.4
r26 10.4 : 46 .5 66 44.0
27 10.7 ' 47 7 67 44.8
28 11.2 48 7 68 45. 4
29 1.5 C49 25,0 : 69 46.0
30 1.8 410 o 50 2.0 414 ¢ 70 16,4
| i1
31 12.3 i 51 27.0 " 71 46.6
32 12.6 i B2 28,2 |2
il il
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Considerable volumes of water are added to the Ohio between Cincinnati and
Louisville by the Licking River at Cincinnati, by the Little Miumi, and by the
Kentucky River.

EVANSVILLE, IND.

The danger line at Evansville is at the 30-foot stage.

The distance to Cincinnati is 316.5 miles.

The difference in level of the zeros of guuges at Cincinnati and Evansville is
105 feet.

The corresponding wave-crest stages ab Cincinnati and Evansville three days
later are as follows:

Cincin- l Tovansville. i Cincin- | Evansville, || Cincin- l Evansville,
nati. two days after.” nuti. : two days uftcr.|i nati. two days after.
S | .
10 5.2 T | 25.8 ;'i 54 ‘ 44.0
11 6.2 0.8 | 33 287 55 4.6 FL.1
12 7.2 ! 426 !
13 8.1 A N R S i
14 9.0 i : 57 45. 6
17 1000 Fré boas b2 TS
II 37 30.2 I a4 i 46. 6
1 10.9 | 38 ! 310 60 7.0
17 11.8 |' 300 319 |
1% 12.7 . 10 8 417 61 7.3
19 13.6 ‘ o R
20 144 F1.5 | 41 33.6 i 63 | 47.8
i 42 34.4 ; 64 7.8
21 15.4 ; 43 35.3 i 63 48.0
2 16. 4 i 44 36,2 |
23 174 ‘: 45 37,0 41.0 ‘. 56 48.0
24 18.4 i '. 67 5 481
25 11904 L4 46 37.8 i 68 48.1
! | 47 38.7 ! 60 481
26 | 20,3 " 48 39.6 , 50 8.1
3 ez LA | d0d | !
28 . 2201 | 50 | 4.2 4.1.2 || i1 P48.2
29 1 23,0 . , I 73
30 200 41.6 . 51 [ 419 ’ 3
! A 52 42.6 It
31 249 | 53 43.3 l
| ! : 1

The principal tributaries coming into the Ohio betweon Cincinnati and Evans-
ville are the Kentucky and the Green rivers. The lattor drains 9,600 square
miles.

WAR 91—VOL 1V——38
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MOUNT VERNON, IND.

The danger line at Mount Vernon, Ind., is at 35 feet.

The highest water, 51.7 fect, occurred February 22, 1834,

The distanco from Mount Vernon to LEvansville is 36.5 miles.

The corresponding crest-wave stages ab Cincinnati and Mount Vernon three
to four days after aro given below.

] P i
. Mount Vernon, || ~. . | Mount Vernon, N Mount Vernon,
C;I:).(t:in- threo or four |i Clllr;(ﬁn three or four |l C;;::&"' three or four
: days after. | ’ days after. ’ days after.

1
25 17.7 418 | 37 30.7 49 42.8
26 18.5 ! 38 32,3 50 43.3
217 10.6 : 39 34.2 .
2 20.5 40 35.6 51 43.6
£ 1.6 r .
29 ;l . [_) . :2 43. §
30 22,5 I 41 3.3 53 44.2

. 42 38,7 54 44.6
31 23. 4 43 39. 6 55 44.9
32 24, 4 k 44 40.2
33 25. 4 ! 45 40.7 56 45.3
3 26. 2 : bohT 45.6
35 o7 421 46 41.3 ! H8 45.8

47 41.8 | 59 46.2

36 29,3 i 48 42, 4 60 46. 4

i

CARTHAGE, TENN.

The danger line at Carthage, Tenn., is at 30 feet. The water sometimos rises
as high as 60 feet.

The distance from Burnside, Ky., to Carthage, Tenn., is 177 miles.

The corresponding wave crests at BBurnside and Carthage two duys later aro
as follows:

| .
Burnsidc.{ Carthage. ! Burnside.| Carthage. [ Burnside. T\\Coa({xtz;}giftu
I
4 2.5 4-1.6 | 26 22,6 47 36. 4
5 3.9 27 23,6 48 37.0
6 5.5 28 2.1 49 38.0
7 6.9 29 95,3 50 30.1 40.5
8 8.0 30 25.8
9 8.9 51 40.2
10 0.9 2.2 31 26.3 i 52 41. 4
l 32 26,8 f o3 42.3
11 10.7 . 33 97.3 ; 54 43,2
12 11.6 | 34 27.8 55 4.0
13 12.5 ! 35 28,3 4-2.2
14 13.2 : 56 45,0
15 140 424 | a0 28,9 ! 51 45.8
; 37 29,4 p 58 46,6
16 14.8 38 P00 i 59 4.5
17 15.6 9 | 0.9 j 60 48. 4
18 16.3 40315 42 |
19 16,9 ; : 61 49.1
20 1.6 L6 | 41 32,3 ‘ 62 50.1
| 42 33.0 63
21 18,4 43 33,8 | ot
22 19.2 | 4 4.2 65
93 19.9 ! 15 5.0 4.0.2 [
24 20,7 I !;
25 26 22 g | 35.1 |i

The difference in level of gauge zeros at Burnside and Curthage is 146 fect.
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NASHVILLE, TENN.

] Tho danger lino at Nushville is at 40 feet. Tho high water of 1847 was §4.7
cet.

The distance from Nashville to Burnside is 259 miles.

The difference in level of gauge zeros at Burnside and Nashville is 223 fect.

The corresponding wave- ‘Crest water stages at Burnside and Nashville throo
days luter are us follows:

Nashville, | Nashville, |: Nushville,
Burnside.| threo days | Burnside.| three days | Burnside.| threo days
after. aftor. aftor.
1
5 5.2 L8 | 26 26.0 47 43.3
I 27 27.3 : 48 43.7
o 6.5 ; 28 28,8 : 49 44,2
N 7.8 24 30.0 50 4.6
8 v.1 30 31,4 4.0.5
9 10,2 51 45.0
10 11.3 .17 31 32.6 52 45,3
32 33,7 53 45. 8
11 12,3 33 35,2 54 46,3
12 13.4 i 34 36.0 55 46. 5
13 14.5 35 36. 6
14 15.5 56 46. 9
15 16.5 4:2.3 36 31.3 51 41.3
37 3.9 a8 47.7
16 17.8 38 38.H 29 48,2
17 18.9 39 39.2 GO 48. 6
18 19.6 40 39.9 g
19 20.0 61 48,9
20 20.5 4-1.4 41 40.5 - 62 49. 4
42 41.2 63
21 20.9 43 41.8 \ 64
22 21. 4 44 42.2 65
23 22,2 49 42.6
24 23,4 M
25 24,8 H 46 42,9 |
i
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The distance from Carthage to Nashville is 82 miles.

The difference in level of gauge zeros at Nashville and Carthage is 77 feet.

The corresponding wave-crest water stages at Carthage and Nushville one or
two days later are as follows:

Nashville,one! |‘\Idshullc one || Nashville,one
Carthage.| or two days i| Carthage. i ortwo days Cax thage.! or two days
after. i l after. after.
5 6.6 10.8 22 22,7 ‘ 40 41.0 0.8
. 23 24.1 ;
6 7.9 24 25.8 : 41 41. 9
7 9.2 25 27.3 41.8 | 42 42.8
§ ! 10.6 . 13 43.5
9 1119 ' 26 28.9) 44 44.1
10 13.1 J-1.1 | 27 30,5 | 45 44.9
28 i 31.9 :
11 14.5 ‘ 29 ;32,6 16 45.5
12 15.8 L3033 47 46.3
13 16.6 : | 48 46. 9
14 17.1 P8 | 34.0 P49 47.6
15 7.9 £1.4 | 32 RN i 50 48,3
bou3 l 35. 4 |
16 18.6 i 34 36.2 ; 51 48.9
17 19.3 35 36.9 418 . 52 49.7
18 20.0 : H3
19 20.5 36 3.7 ! a4
20 2.0 F2.3 37 38,3 ! 55
38 39,2 v
21 21.8 39 40. 1 |

EDDYVILLE, KY.

The danger line at IEddyville is at 31 feet. The highest water, 60.4 feot, oc-
curred in 1882,

The distance to Nashville is 1335 miles.

The corresponding wave-crest water stages ut Nashville and Eddyville two
days later are as follows:

t
, : LEadyville Eddyville, Eddyville,
Nashville. t\mdawaft;, \I‘“h”“( ;L\sod&ysaftm Nashville. |t\\0(]d.5hd.ft(,l
B N
10 10.0 i 25 29,4 ' 40 49.8
' i I
11 L 11.0 i 26 i 41 h0.8
12 (12,5 | 2 L 42 H1.4
13 14.0 28 b 43 518
14 15.3 29 P 44 Po02.4
15 16.7 ! 30 : 15 03.0
| i
16 18.0 . S S ST 53.4
17 19.2 | 32 | 30.6 i 47 53,9
18 20. 4 30410 | 48 545 4-1.8
19 21.7 i 34 42,6 49 55.0
20 23.0 | 35 44.2 50 55,5
21 24.3 ! 36 45,6 51 56,0
22 25.7 . 37 i 46,7 .52
23 27.0 i 38 Y
24 28.3 || 34 i 8.7
I
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CRATTANOOGA, TENN.

117

The danger line at Chattanooga is at 33 feet. The highest water, 58.05 feet, oc-
curred March 11, 1867.

The distance to Clinton is 148 miles.

The difference in level of gauge zeros at Chattanooga and Clinton is 151.7 feet.
The difference in level of gauge zeros at Chattanooga and Knoxville is 180.4 feet.

The correspondin

days later are as follows :

wave-crest water stages at Clinton and Chattanooga two

} | [ | ,
s Chattanoogua, :| . Chattanooga, !| Chattanooga
Clinton. twoduysaftcf:il Clinton. t\\-'oduysuftmz.! Clinton. L\\'()duysuftm’-.
i 1
5 6.2 ! 19 20. 4 : 33 38.5
= 20 21. 6 i 34 40.5
6 73 | T 415
7 8.4 - 21 23.0 i
8 A T 5 36 43.0
9 10.7 T e Il 87 44,0
10 12.0 j 24 26.5 38 45.1
) 2 271 39 46.2
11 13.1 i 40 47.3
12 14.7 | 26 28.1
13 15.9 I 27 29,5 41 48,:
14 16.3 | 28 31.0 42 49.4
15 17.0 | 24 326 43 50,2
]‘ 30 3.0 4 51.2
16 17.5 i 15 52.2
17 18.0 II 31 35.5
18 19.0 ” 32 36.9

The stage of water at Chattanooga is mainly the vesult of the stage of water at

Clinton and Knoxville about two days previous.

Considerable volumes of water

are added to the Tennessee between the two places by the Hiawassee River,which

enters the Tennessee 35 miles above Chattanooga.

wassce at Charleston, Tenn.
The most advantageous way of finding a coming risc at Chattanooga from rises

at Clinton and Knoxville is as follows :

There is & gauge on the Hia-

tule.—The rise at Chattanooga in the two days succeeding u crest at Clinton
or Knoxville is equal to the preceding two-day rises at Clinton and Knoxville
multiplied by the mean stages at the places on the two days, the sum divided by
the stage at Chattunooga on the day of the Clinton crest) and multiplied by the
following factor dependent on the Chattanooga stage.

! Chat-

Chat- : Chat-
tanoogal Factor.  tanooga| Factor. || tanooga! I'actor.
stage. Ii stage. | 4 ostuge. |
i |
12 o.81 | 26 ! oo | 40 0. 245
13 0.86 1 27 1 0,41 -
14 0. 84 ‘ 2 0 | 41 0.24
15 0.82 I 20 | oar Y 42 0.23
1 80 ¢ oogs | a3 0,225
16 0.80 | i R 0.215
7008 o3t | om 0o4 | ool
18 0.75 § a2 0.31 ’
19 otz |33 030 il 46 0.20
20 | 067 | 3 | o ‘ 471 019
boss booss Il 48 0.19
21 0.61 ; 49 0.18
22 0.56 [ 36 1 0.28 l 50 0.18
23 0.51 . 37T Doz
24 0.47 [ 38 © 0.2
25 0.45 i 39 | 0.265
|
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The probable error of a computed stage by the above rule is - 2.1 feet.
The following are some of the rises at Chattanooga and those preceding at
-Clinton and Knoxville:

Chattanooga. Clinton. | Knoxville.

Date. |Rise. I Date.| Risce. | Date. | Rise.
1885.
Jan. 16 | 16.0 51 9.2 161 3.9
Jan. 17 | 22,5 16 | 13.7 174{ 83
Jan. 18 | 26.5 17 1189 181 9.7
1886.
Jan. 3] 8.1 4] 9.8 41 6.1
Jan. 4 18,0 5(10.7 5(11.0
Jan. 5] 221 6| 14.5 6(11.8
Jan. 221 12.9 20 | 10.8 20 5.6
Jan. 23] 14.0 21 |1 12.9 21 5.4
Jan. 24 | 15.0 221 13.5 22 6.8
Feb., 12| 9.0 10| 5.9 2.3
Teb. 13} 12.0 11 6.2 81 2.2
Fob., 14 | 13.1 12140 9 2.5
Mar, 21| 8.4 20| 4.6 19| 1.1
Mar, 22| 12.4 21 | 15.4 20 1.8
Mar. 23 | 115 22 119.2 211 3.9
Mar. 31 | 40.5
Apr. 1] 7.1 29 | 17.7 291 8.2
Apr. 2,010 30 | 31.5 30 ] 13.8
Apr. 3[562.2 31| 45.0 31| 29.6
Dee. 15| 9.0 13| 5.7 121 3.9
Dee. 16 9.6 14 7.8 13 5.6
Deec. JT, 11. G 156 | 10.9 14 8.0
Dec. 20 | 14.0 17| 86 17| 4.8
Dec. 21 16.0 18 | 10.% 18 5.2
Dee. 22| 16.6 191 13.2 19| 6.4
Dec. 30 | 10.6 251 8.7 30| 4.7
Dec. 31 ]10.7 26 | 12.5 31 5.6
1887.
1Jan. 1 (11.0 27 1 15.7 1] 7.3
Jan. 24(13.0 24 | 14.5 & 2.7
Jan, 251 19.6 251 15.5 24 | 8.1
Jan. 26| 21.8 26 1 15.8 251 13.4
Jan., 30 [ 13,8 311]12.8 28 1 0.7
Jan. 31} 15.3 L{12.3 29 5.7
Feb, 11]106.2 21143 30 7.3
Febh, 5[ 19.0 21 14.3 21 5.4
Ifeb., 6 ]21.0 3112.6 3 5.3
Feb. 7| 218 4111.4 41143
Feb, 15 9.0 15] 7.4 15 3.%
Feb, 16| 12,8 16| 9.0 161 4.1
Feb. 17113.4 17 ] 11,4 17-18 | 5.0
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Chattanooga. Clinton. | Knoxville.
e |
Date. |Rise. | Date.! Rise. j Date. | Rise.
1887.

Ieb. 20 | 10.6 16 9.0 16 4.1
Teb, 21| 17.0 71104 17 5.0
I'eb. 22| 19.0 181122 18| 5.0
Feb., 26 [ 25,3 240182 RAY 8.2
I'eb. 27| 26.8 351 25.3 241 10.8
Febh, 28 1 27,3 26 | 26,4 251124
Mar. 9| 16.0 7 8.1 7 5.1
Mar. 101207 & 13.7 81 9.3
Mar. 11 | 24.0 91 20.8 O11711.8

* 1888.
Jan. 1 8.0 1 S.4 11 5.3
Jan., 2| 145 21 9.9 21 5.0
Jan. 31| 14.7 3 9.9 3 5.7
Jan., 13| 11.2 91 5.5 9 4.1
Jan., 14 |13.2 10| 10.5 10| 5.0
Jan, 15| 14.5 11| 13.8 11 5.5
Jan, 17| 14.9 16 | 10.8 16 6.2
Jan., 18| 21.4 17 [ 12.1 17 8.4
Jan., 19 25.% 18 | 16.5 18 | 12,6
Teb., 24| 6.3 24| 4.4 24 2.6
Feb, 25| 9.4 251 7.8 25| 3.4
Feb., 26 | 11.2 26 9.5 126-27 | 4.0
Mar. 25| 7.2 24| 8.5 21| 3.2
Mar., 26 | 11.6 25 8.8 221 4.3
Mar. 27 | 22.6 26 | 12.5 & 5.5
Mar. 29 | 19.8 27 | 11.5 281 6.8
Mar, 30| 24.5 28 1 12.4 29 110.2
Mar. 31| 27.0 20 | 13.4 30 | 13.3

1889.

Jan., 9] 1L3 8 7.6 s 5.1
Jan. 10| 12.2 9 7.8 9 4.6
Jan. 11 }12.4 10 { 10.0 10| 4.8
Jan, 211 11.3 21 0.9 20 3.3
Jan, 22| 12, 22 5.7 21 3.7
Jan. 23 | 120 23 7.4 221 4.0
Jun. 30| 13.0 28 1 10.8 27 4.3
Jan. 31| 14.0 201 13.0 28 5.4
Jeb, 1146 30 | 13.4 20 5.8
I'eb, 16 6.6
Teb. 17 | 20.0
Feb, 18| 29.6
Teb. 10 29.2 17 | 13.5 17 6.5
Teb., 20| 27.2 18 | 20.0 18 | 10.6
Teb., 211 20.0 19 ] 25.8 19 {15.0

119
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Chattanooga. I Clinton. | Knoxville.
i !

Date. Jise. | Date. ; Rise. l Date. I Rise.
- R e e td

1890, 1 :
Jun. 21 7.0 21| 1005 220 6.
Jan, 22 9.6 227138 23 7.1
Jan, 237 13,0 231 16.5 24 7.3
e, RS+ 11.51 7| 10.4 81 4.2
Teh, 91193 81 12.7 9 7.0
Ireh, 10 | 20,4 9158 10 5.2
Feb, 28 ¢ 348 261 23.8 26 1 12.9
Mar., 1140.2 271 318 271 19.0
Mar, 21425 281 35.5 28| 23,0
Mar. 15 | 9.7 ISR E N 4| 4.0
Mar. 16| 13,7 16| 17.7 15 6.9
Mar. 17 | 15.1 7198 16 7.2

I

Mar., 23 20,0 2211909 22 7.0
Mar., 211 25,5 20285 23] 14,0
Mar, 251 27,2 242409 24| 14.6
Dee. 27 9.4 261 11,0 206 3.6
Dec. 28 | 12,5 271148 271 6.5
Dece. 294 12,9 28 119.8 28 6.4

1801,
Jan. 3: 9.9 2113.8 21 4.6
Jan. 4114l 3| 19.0 3 8.5
Jan., 5, 16,5 41 19.5 4 9.1
Jan, 11 6.5 10 6.9 11 3.4
Jan, 12| 8.9 11 8.0 12| 3.6
Jan, 13| 10.7% 12111.0 13 4.5
Jan. 221 820 21 6.4 2| 4.0
Jan, 23| 12.5° 22 9.5 23 5.6
Jan. 24 1 15.3 230 12.0 24 5.8
Feb. 3| 16,1 2111.8 2 9.0
Keh, 4] 198 S 145 3 9.4
Ifeh, 5 22,6 1] 18.8 4| 110
Feb, 121 343 101 21.8" 9] 5.4
TPeb., 13§ 36.5 11| 29.5 10 | 14,9
Ieb, 14} 37.5 127 29.8 11 [ 21.9
Teb, 231 24,0 221 15,9 211 6.7
1feh, 24 | 27,7 23 | 17.7 221 15,7
Feb. 25 [ 29,0 24| 18.4 231 19.0
Mar. 91 34.5 T 18.8 81 11.7
Mar. 10| 57.5 81108 9116.4
Mar. 11 | 38,9 9| 27,2 10| 16. 9
Mar. 26 { 10. 4 26| 9.0 27 5.2
Mar., 27| 10.5 271 11. 4 28 [ 5.1
Mar. 28 | 14,1 281 11,7 297 6.8
Apr. 1715.4 311 10. 4 31| 6.0
Apr. 21(16.3 1]12.6 11 7.4
Apr. 3[16.3 2114.0 21 89
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DECATUR, ALA.

i The danger-line at Decatur is at 21 feet. The highest water, 28.7 feet, occurred
n 1867, N
()2The difference in level of the zeros of gauges at Decatur and Chattanooga is
92.9 fect.

The distance from Decatur to Chattanooga is 160 miles. _

The corresponding wave-crest water stages at Chattanooga and Decatur two

days later ave as follows: ¢
Chat- Deecatur lll Chat- Decatur 1| Chat- ‘ Dcceatur
tanooga. |twoduys u[tel‘.i tanooga. | twodays after.!i tanoogu. : twodays after.
. — HR—— —— .
15 12,2 40.7 li 29 18,2 R 23.5
16 12.6 - 30 18.5 --0.8 1 43 23,9
17 13.0 | 4 94.3
18 13.4 |'- 31 18.7 : 45 246
19 13.9 ‘ 32 19,2 i
20 4.4 409 ; 33 19.6 : 46 249
| 34 10,9 | 47 25.3
21 14.7 i 35 20. 4 48 25.5
22 15.3 '| | 49 25,7
23 15.6 36 20.9 I Ho 26. 0
24 16.0 | 37 21.3 ,
25 16.5 38 217 | H1 26, 4
| 39 222 H2 26,7
26 16.9 | 10 w7 |53
27 17.3 | I 4
28 177 \ a1 93.2 | 5
! —

FLORENCE, ALA.
The danger-line at Florence, Ala., is at 30.2 fect. The highest water, 31.1
feet, occurred in 1867.
The corresponding wave-crest water stages at Chattanooga and at Florence
three days later are as follows :

] 1
~ ) Florence, ' .44, TFlorence, . R Florence,
Lnl(:g.‘;t: three days !| (1/1 lg)(‘tt}: | three days |, (]‘lggkzl three days
Chelt after. d ge- after. ! &% aftor.
4 | 1 .
I : [
16 P ILT 40.8 & 29 18.9 Vgl 27,2
17 12.3 . 19.6 2.3 | 42 274
18 12.7 |! 1 43 27,5
19 13.3 . 31 20, . 44 27,4
20 13.8 413 :| '3., 9. ;', | 45 27.6
! o I 1
21 | 14.4 |‘ oS s o
22 15.1 i 99 4 i 17 205
23 15.5H i v - I 18 27,8
24 16.1 1 44 27.8
25 16. 6 36 23.3 . 50 2.8
3 24,0 l
26 7. 38 247 i 51 259
21 17.8 i 39 25.5 s 52 28.0
28 18.4 | 40 26. 4 i 53

JOHNSONVILLE, TENN.

The dangor-line at Johnsonville, Tenn., is at 21 feet.

The difference in level of tho zeros of gauges ut Johnsonville and Chattanooga
is 311.8 feet.

The distance from Johnsonville to Chattanooga is 360 miles.
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The corresponding wave-crest water stages at Chattanooga and Johnsonville

)

five to six days later arc as follows :

Johnsonville, i o .. - Johnsonville, | ., Johnsonville,
(i}(l)g'gtf’ . five or six (;ll(l)g(trt:' five or six (nl(]):”'}rtél' five or six
e days after. =S days after. o days after
32 32,5 , 40 371 47 40.5
33 32,8 48 40.7
34 33,3 41 38,2 49 40.7
35 33.6 42 39.0 50 41.4
43 39,3
36 3.0 4 39. 6 51 41. 6
37 | 34,4 45 39. 9 D2 41. 8
38 i 35,0 53
39 i 36.2 46 40.3

Considerable quantitics of water are added to the Tennessee just above John-
sonville by the Duck River. There is a gauge on this river at Columbia.

The following table gives the most important rises ut Chattanooga and the sub-
sequent rises at Johnsonville:

Chattanooga. Johnsonville. Chattanooga. Johnsonville.

Date. |Rise.| Date. |Rise. !I Date. |Rise.| Date. |Rise.
]

1875, 1876. “ 1886. 1886.
Dec. 31 [ 34,2 | Jan. 7289 pdan, 51221 | Jan. 10 95.1
1876. | Apr. 3 [52.2] Apr. 9| 37.6
Jan. 26 | 15.7 ( Jan. 26 17.6 ’,’ Apr. 15 | 42,1
Fob, 17 | 21.9 | Feh, 21 | 20.3 | June 23 | 16.0 | June 28 | 17.4
Mar. 18 1211 i Mar, 22| 23.0 | Dee. 22 | 16.6 Dee. 24 | 14.5

Mar. 27 [ 172 | Apr. 5 [958 1~ 1ser 1887.
Apr. 16 [ 13.4 | Apr. 21 [ 13.9 'l! Jan. 26 | 21,8 | Feb. 1|27
June 20§ 23,4 | June 24 | 17,5 |l Feb. 28 | 27,3 | Feb. 28 | 81.

1877. 1877. Mar. 7 30.
Jan. 23 27,0 | Jan. 24| 24.7 PApr. 27212 | May 2 14,
1879. 1879. 1888, 1888.

Dec. 16 [ 17.9 | Dee. 20 ] 27.¢
Dee. 26 1 21,9 | Dee. 30 | o7,

1880. 1830.
Feb, 16| 26.8 | Feb, 16 | 24.
Mar. 13| 28.7 [ Mar. 22 | 37.
Mar., 18] 38.3 | Mar. 22 {37,

1882. 1882,
Jan., 141 30.6 | Jan. 20 { 36.;
Jan. 20} 40.1 | Jan. 26 | 42,
Jan, 31 | 43,
Jan. 81 30.3 | FFeb. 7| 40.
Mar. 3|22,0| Mar. 929,

1883. 1883.
Jan, 23 | 38.2 | IFeb, 2] 929,

Jan. 19| 257 | Jan. 24| 24,
Mar, 27 | 22,6 | Apr. 1] 33.
Mar. 811 27,0 | Apr. 1|33
Apr. 12 1.22.4 | Apr. 16 | 22,
Oct. 281 20,0 | Nov. 1
Nov. 12| 21,0 | Nov. 16 | 19.
1889, 1889.
Feb, 1|14.6] Feb., 1] 16.
Feb., 18 | 29,6 | Ieb, 25 | 29,
1890, 1890.
’ Jan., 23 13, Jan, 23| 21.
i Feb, 10 | 20, Ireh. 11 | 30.
.J Mar, 2| 42, Mar. 8137,
i Mar. 25 27,2 | Appe, 1] 98,

ES PN SR )

WO oI w O UvhA o

Se I SN el

< LIRS fv B I

C=ooano

Apre B126.2 | Apr. 9| 216 Ape. 30 | 2004 | Apr 95 | 18,
Apr. 14 [18.7 | Apr. 20 { 23,9 “ May 22110 | May 28| 14.

1884, 1884. I Dee. 29 112, Jun, 3|14,

<

Feb, 4255 | Feb. 101 37.5 4 1801, l 1891,

Feb. 1113681 Feb. 17 [ 40.2 | Jun. 5 | 15.5 | Jan. 9| 15.0

Feb, 201 27.0 | Feb, 28 | 44.3 - Jan, 13 110 Jan., 16 1 14,1

Mar. 10| 42.8 ' Mar. 16 1 37.8 | an) 21| 15,3 | Jun. 29 | 20,0

Mar, 23 | 27.6 | Mar. 29/ 410 ii Feb., 14 | 37.5 | Jeb. 13 | 33.0
Teb., 23 | 361

1885, 1885, “ Teb. 95 | 929,
Jan. 18 1 26.5 | Jan. 23 { 30. Mar, 11| 38.
Apr. 21 [ 15.5 | Apr. 27| 15, Mar, 28] 14,
June 1!18.6 | Junec 3|13, Apr.

0 Mar, 12 [ 38.2
4
8 2
Nov. 1[16.2 | Nov. 5 13.8 Apr. 15 |12
8

Apr. 31270
Apr. 13 190.2
Apr. 28112.2

S - =R R R

Nov. 9/ 30.4 | Nov. 15 | 23.
Dec. 16 | 21.4 | Dec. 21 | 18.
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CAIRO, ILL.

:I:hc danger-line at Cairo is at 40 feet, o .

rlhe highest water, 52.2 feet, occurred Februavy 27, 1883. . .

The water that passcs Cairo drains from 212,000 squave miles in the Ohio Val-
ley, and from 545,000 and 172,000 square miles additional in the Missouri and
U}H)cl' Mississippl Valleys.

There ix availuble for predicting the viver stages at Caivo the stages ohserved
84 St. Louis, 171 miles ahove on the Mississippi; st Cincinnatd, 498.5 miles above,
on the Ohio: at Nashville, 215 miles above, on the Cumberland, and at Chatta-
Nooga, 495 miles above, on the Tennessee,

Besides the water passing these places there is water passing Caivo which
raing from 108,000 square miles of drainggze avea in addition ‘below the places.
b this area some idea can be formed of what guantity of water is likely to come

from i by the reading of the gauges at Frankfort. on the Kentueky River. The
,yahush, which drains 36,460 square miles, is the prineipal part of the arvea.
1¢ gauges on this river at Mount Carmel and Vineennes have not, liowever,
been established a sufficient leugth of time to make the records of much use in
estimating the effeets of rises in the Wabash on the subsequent rise at Cairvo.

Some idea can be formed of the rises likely 1o take place at Caivo from the ob-
Berved river stages at ldvansville, and in eertain cases from the observed stages
at Paducah in combination with the stages at St. Touis.

The main reliance in predicting the Caivo stages will be the stages at St.
«igl‘lis, Cincinnati, Nashvitle, and Chattanocoga. ‘ .

’l he stage at Cincinnati is the prineipal stage producing a riso at Cairo.

The following are the numbers of times the wave-crests or highest stages at

airo have oceurred on various numbers of days, from three to fourteen, after the

Occurrence of a erest at Cineinnati:

CATRO CREST AFTER CINCINNATI CREST.

[Number of cases, years 185K to 1890.]

]

Days after wene || Daysafter ;
Cincinnati. Cases. 1 Cincinnati. Cases.

3 1 9 3

4 4 ‘ 10 4

o 5 1 2

G 41 ; 12 1

i 9 | 13 0

8 5 l 14 1

The following give the principal erest-stages at Cineinnati and Cairo and the
Stages at cortain dates about the times of erests at Chattanooga, Nashville, and
3t. Louis:

Cairo. Cineinnati. H Cadro. Cincinnati.
— - . e .
Date. | Stage. |Date.) Stage. U Date. Stage. [ Date. Stage.
1858. i 1850,
10 32,0 | 25 38.0
June 16 48,0 16 43.7 | May 1 41.6 1 51.3
June 20 40,5 - May 7 46. 8
June 22 49,5 '1K60.
1859. ! 11 15.8
17 26,3 [ Jan., 17 33.0 17 47.0
Mar. 23 42,0 23 40,3 ¢ Jan, 2 37.3
Mar, 29 45.0
Apr. 1 45.4 11 20.1
| Apr. 17 22,7 17 49.1
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Cairo.

Date. i Stage.

1860

Apr. 23
Apr. 24
1861.
Jan. 20
Jan. 26
Febh. 19
Ieb, 22
Feb. 25
Apr. 20:
Apr. 24
Apr. 26
May 10
May 16

May
1865.
Jan. 14

Jan.

Jan. 20
Mar, 8
Mar. 14
Mar. I8
May 14
May 20
May 23

Dee.
1866

Jan,

Jan.

Jau.
Feb.
Feb.

eb.
Mar.
Mar.

Mar.
Mar.
Mar.

Apr.
May

18

|
|

18

30
4

5

o=

K-

28
H

6

14
19
20

21
1

e
(=

30,1

313
32,6
32,5

33.9
36.7
36.7
H.6
41.2
40.8

40. 8

ar
W1

Cincinnati.

Date

14
20

v o )

24
30

21

9
P

28

21
27

. Stage.

o=

Zi.

41.

18.

Cario.

’ Cincinnati.

TRG6.

May 2

=~ Dee. 9

8 1
6

36,9 4
F1%eh. 28

39,
49.

26,0
39,

41,

a6,

2.0

Ol

iR
41,7

22,

317

Dec. 15
Dee. 19
1867.

IFeb, 02
Ireh, 26

Mar. 15
Mar. 20
Mar. 21

FApr. 21
CApr. 25

Apr. 2%

P May 29
SJune 4

June 6
1868.

Jan, 10

CoJan, l:').

CJdan, 16

o=
[t

o i
.3 i

il
!|
8 '
.0

H

Mar, 18
AMar., 23
Mar., 24

S Apr. 18
| Apr. 23
P Apr. 24

May 9

May 15

May 19
1872,

S Apr. 7

Apres 13
Apr. 19
1873,

Feh, 14
Ifeb. 20

1 Feh. 26

Y Mar. 31

Apr. 6
Apr. 12

Date. I Stage.

42,

),

3.
3l

47.
o0,

49,

50.
5l

5l

33.6
39,
40,

25,
A1
31,

37,
40.
10.

39. 6
42,
42,6

5.
19.
30.
39.

20

38,

[=r X8 I

Zt

]

<

~T1O =

0

.9
39,
39,

B

o

-0

0

Date.

24

Stage.

29.
31

-1

45.0

[e Ry
Site
<

22,9
35.8

18.
30.2

N -

13

w
—
-1t

&3
*
S-)

32.2
24,2
41.4

26.6
39.5
36.4
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Cairo.

Cinei

six days.

nnati,
I

Chatt
six

anooga,

days.

Nashville,

threedays.

St. Louis,
four days.

Date. Stage.

Stage.

Date. | Stage.

1873.

May 12} 34
May 18 38

[S1 BTN

Deec. 4 18.
Dec. 10 25,
Dec. 16 32.

Dee. 12 26.
Dec. 18 33.
Dee. 24 31.

1874.

(SR Ko ] SWwo

Jan. 7 11.9
Jan. 13 27.9
Jan. 20 29.3

Jan. 27 27.6
Feb., 2 33.0
1875.

Jan, 3 20.0
Jan. 9 24.4

May 2| 30.
May 8| 37.0

Nov. 29 19.9
Dec. h 21.8
1876.

Dec. 30 25.9
Jan, 5 35.6
Jan. 8 39.0
May 3| 4.5
May 9 3.7
1877.
Jan. 20 28. 6
Jan, 26 36. 4
Jan. 28 37.0

Nov. 29 17.8
Dee. 5 23.0

Dutc.z Stage. iI)atc.' Stage. ‘Datc.

|

!
28.8
38.7

26. 4
35.5
30.6

21

31

|

*30.
30.¢

13.0
20.0
23.2

23,
33,
34

24,

30.

S b

=g Ve <]

81 17.9
2

12 20.9
6 6.5
10 5.9
14 14.0

15 15.3
18 13.6

91 6.3
13; 5.1
23| 8.4
261 15.2
2| 142
301 3.5

3] 2.3

5] 4.9
281 19.9

2| 244

3 246
25 7.2
20| 5.9
26| 1.0
01 70

] 15
20| 28.4

3 210

61 20.8
161 10.4

25 1.2
28 13.8
20 13.4
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-  anamdl|
Cairo ’ Cincinnati, | Chattanooga,| Nashville, | St. Louis,
' six days. six days. throo days. l four days.
Duto. ‘ Stage. iDut-e., Stage. 1 Date.| Stago. iDut.o.i Stage. IDutc.: Stago.
. ‘ i |
. ! ! | |
1878. l ) [ .
RS T F - 7.81 130 9.51 29, 16.6
| ! 312 |
Jan.. 2 26,20 20 107 2 10. 1 2 10.0 2 17.4
Jan. 8 24,1
b 2420 26 6.5 29 82| 28| 116
( ! 30 | 13.6
Feb. 1| 2547 1! 2502 I 1.6 1] 201 1] 124
Feb. 7| 37.4]
o2 1) nsl o100 sl ol e
: ! i 13, 228
Mar. 13| 32.9. 131 30.2| 13 T4 13 1651 13| 226
Mar. 19| 351 ] ______ e 16 1.6 14! 175
| 9. es7 9 6.2 13 | 6.7, 11 0.3
Dee. 15, 21.20 15| 4L3¢ 15| 10.0| 15 169| 15 8
Dec. 21 26. 8 i .............. 17 11.7
1879. , :

‘ oo ! 32,81 07 40 30 125, 29 9.8
Feb. 2| 30.7] 2. 0.2 2 1.6 21 156 31! 102
Feb 8 34.0 ... [ ERE KRR 3 16. 8 2 10.1

|
| 241 w03 | w68 2| oonv| % 129
: | 2% 6.9 :
Mar, 30| 3241 30, 39.2 30 .21 30! 17.3: 30 11.2
Apr. 5| 815 | |
P o ‘ 21| om0l 24| on1i o3 5.0
21 161 26| 209
Dee. 271 asr.el o7 28 20 26 2| 846 2 4.0
1880.
Jan. 2| a2l | V.. 28 35.4
11 40| 1 4.4 14! 42,21 13 8.6
Feb. 17| 35.7 re|os2l v oess | 17| 439 17| 102
Feh, 23] 43,00 .l . .. [ 19 445| 20{ 116
Feb. 241 43.4
13 11.1
12 43.6 12 28, 4 15 43.7 14 11.6
Mar, 18 44,2 18 41.2 18 38.3 18 di.1 18 10.0
Mar. 24 0.5 L O S S 20 46.5H
20050 2| 23.4 5 21 1 4.8
Dee. 8] 926.2 s oo §1 174 81 254 8 4.8
Dce. 14 30,2
1881. o i |
S 23 w! s 20 23| 20 8.6
| 23 IS, S
Jan. 2000207 | 200 3580 21| an4| 24| 28| 24| 84
Jan. 30| 3L R L. . 250 330
. | 1
bohp 182 10 136 [ 1| 180
Feb, 10 220! 107 s8] a3 ‘ 240 13 M8 12l 114
Feb, 16| 88.8| 161 5057 16, 147. 16: 13.8 I 1 13.6

Feb. 22| 417, ;
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127

Cairo Cincinnati, | Chattanooga, | Nashville, St. Louis.
: six days. gix days. threo days. four days.
- T
Date. Stage. |Date.| Stage. |Date.| Stage. |Date. Stage. [Date.| Stage.
1 -
1881. |
) 12 28.0 12 6.1 15 l 8.8 14 19.4
Mar. 18 32.6 18 30.5 18 10.6 18 9.0 18 217
Mar. 24 30.5 |oeeodaos 20 19.3 23 18. 4 20 2.3
11 35.6 11 8.7 14 19.0 13 271.0
15 18.0 16 31.8
Apr. 17 44.8 1 42.6 17 16.0 17 31.5 17 21.8
Apr. 23 45.1
9 10.7 9 4.0 12 11.9 11 20.8
. 13 13.9
June 15 23.1 15 35.0 15 3.6 15 10.5 15 23.4
June 21 1000 2 TN RO FRRO RPN PRI Pt 21 Nt
Juno 22 30.8
1882.
Jan, 10 37.1 10 37.6 10 29,5 13 45.1 2 12.6
Jan. 18 42,2 16 48.5 16 30.2 16 49.3 16 13.2
Jan., 22 46.0 | odeoaans 19 40.2
15 45.2 5 20.5 18 7.4 17 10.3
Feb, 21 47. 4 21 58,6 2 15.5 21 38.0 21 27.5
Teb, 27 Bl T e 22 38.3 22 28.2,
18 1001 oot 20 18.2
18 26,7 19 11.5 21 1.7 23 18.8
Mar. 24 42,4 24 46.9 R 0.8 24 19.2 24 18.5
Mar. 30 41. 06 |
10 4.9
May 10 35.0 10 30,7 14 6.8 14 16,5 12 24.4
Muy 16 41.7 16 46. 4 16 0.7 | 16 15.5 16 241
May 22 42,5
1883. ;
18 15.2 18 17.0 21 19.8 20 5.7
23 38.2
Jan. 2 20. 6 24 31.3 24 37.9 24 30.2 24 5.2
Jan. 30 30,7 | 25 30.3
9 4.8 12 40. 3
Ireh. 9 33.0 ] 56,3 10 17.6 14 41.6 11 5.8
Feb., 15 43.3 15 GG. 3 15 3.1 15 41.5 15 20.0
Feh, 21 SL8 e LI I, 18 25.8
8 335
. 3 433 3 26,2 7 35. 8 5 15.4
Apr. 9 41,6 9 46.5 9 17.0 9 35. 4 9 17.0
Apr. 15 PO 2 [N (RSP FRPRPRPRp FPRSOISIIN FUPIUIN SR 10 17.2
17 ! 16. 8 17 2.5 20 6.7 19 10.8
Nov. 23 20.% 23 21,2 23 6.2 kK 9.6 23 11.4
Nov. 29 b2/ TR P 25 10.9 28 16.7
1884.
22 11.2 22 5.5 25 30.0 24 5.4
Dee. 28 28,5 28 49.5 28 13.0 23 33.7 28 .6
Jan. 3 35.3
, 28 16.0 28 8.6 31 201 30 11.0
Feb. 3 28.7 3 49.6 3 24.6 3 34.4 3 9.5 ;
Feb, 9 4.8 ...l ... 41 200 b 6 i 15.5 'l
[ . I
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Cincinnati, !Chattanooga, Nashvillle, St. Louis,

Cairo. six days. six days. three days. four days.

Date. IStage. iDate.! Stage. Da.te.| Stage. Du.tc.’ Stage. | Date.| Stage.

|
1884, \ ! |
©o30| 212 30 | 7.5 2 313 1| 11.6
Febh. 5| 342, 5| 535 51 204 5 31.8 5 127
Feb. 11| 458 |coccnclocooooo|ocaee R I b 6| 15.5
!
2| 41 19.5 51 318 41 10.4
i 6{ 15.5
Feb. 8| 42.3 8 62.9; 8] 2.7 81 40.4 81 14.2
Feb. 14| 4821 .. .. Do, ©o11|  36.8
Feb. 22| 51.8
o5 835 51 20.4 8| 40.4 7| 150
Feb. 11| 458! 11| 66.8] 11| 36.8 1| 46| 11| 10.8
Feb. 17| 50.3 jceeeooleeaocmcrooaen U 15| 4.2 140 144
Feb. 22| 51.8
8| 62.9 8| 217
1] 368 11| 426 10| 11.8:
Feb. 14| 482 14 7L.1| 14| 3L0| 14! 46.4| 141 14.4]
Feb. 20| 5015 ... ST R S 15 4.2 19| 15.6
Feb. 22| 51.8
‘ 51 10.0| 10| 42.8( 14| 419 |
Mar. 11| 36.1| 11| 409 11| 42.3| 16| 483| 13: 100
Mar. 17| 421 17| 49.6| 17, 249| 17| 41.8| 171 10.4
Mar. 23| 47.2 !
1885. i
4| 116 ;
Jan. 14|, 329 14| 22| 18| 26.5| 17| 380.8| 161 14.6
Jan. 20| 36.8| 20| 46.0! 20| 18.4| 20| 34| 20° 123
PJan. 26| 390 {ooeeoifoooeonos I 211 31.8
2! 1081 2 6.1 5 10.4 47 180
Apr. 8| 9257 81" 33.0 8 5.8 81 12,0 61 20.8
Apr. 14| 315 | _oo|oooooaioodoii 9 12.7 8 20.0
1885.
5] 25| 15 4.4 18 7.7 17| 188
Apr. 21| 3Lo0: 21| 36.8{ 2| 155 2| 12| 21l 202
CApr. 27 b1 0 N PRI PR S R 22 19. 4
| Apr. 28 38. 2.
I s1| 125 6| 65 & 12| 8| 120
{Nov. 6! 180; G| 16.2 9| 30.4 o 223! 9| 126
Nov. 12 25.3 12 20.0 12 18.4 12 26.1 ¢ 12 11.6

Nov. 18 25.6

16 21. 4
Dec. 17 18.6 17 30.1 17 19. 4 17 20.1 17 2.2
Dec. 23 24,5 el 18 21.2
1886.
12 D0 | s 13 23.2
IFeb. 12 23.8 12 211 14 13.1 15 32.1 14 19.7
Feb. 18 37.4 18 40.5 18 8.5 18 35.3 18 16. 4
Feb, 24 37.1
3 52. 8 3 52.2 6 47.6 5 22.2
. 7 22,0
Apr. 9 47.8 9 95.8 9 38.2 9 48,9 9 21.3

Apr, 15| 50.2 ool L2024 10
Apr. 19| 510 [
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]
Cairo Cincinnati, I Chattanoogy,, Nushville, | St. Louis,
' six days. 1 six days. three days. | four days.
. S o S N
, .
Date. ' Stage, | Date.! Stage. ! Date.| Stage. . Date.| Stage. : Date.| Stage.
R JE L Y P '
! |
1886. : ! :
100 20,2 10 10,07 131 201 12| 255
; | | 13 27,0
May 16 39, 1 16 B0.8 118 P S (TN IR T [0 6.5
May 22| 382 |
18 6.1
17 2 20 8.7 19 5.8
Nov. 23 7.4 a2 ol .00 23] 2008 23 5.7
Nov. 20| 230l 20| s0.2] 28 13.7 27 22,8
Dee. 4 10. 0
I
14 10.2 14 8.2 17 6.7 16 3.2
Dee. 20 10.¢ 20 24,7 20 14.0 20 16. 4 20 4,1
Dee. 926 90,9 |ooencfommaman a2 16. 6 % 20.9
Dec. 2 21.1
1887,
261 218
30| 43.0] a0 3.8 20370 1 6.8
Feb, 5 38,8 5 H6. 2 51 19.0 5 1.5 5 5.4
Feb, 11| 3.6 ! ;
Feb. 922 |s 4501 22| 451 230 19,0 21 38A G 24 16. 4
Feh. 28| 47.0§ 28! 545 98 ;7.3 28 438 | 2 15.1
Mar. 6| 478 |ocemoiioceooo o Lo LTt gy
Mar., 9 485 ‘ |
19| 22.2 19 4.4 IR | W 15, 4
: 24 19.5
Apr. o5 | 30.31 o5 49.3%F 2 180 2 16.1 25 10,0
May 1 398 et o7 2.2 2% 0 178
]
1888, i :
24 1.5 | 4 6.3 o7 12,8 26 15, 6
Mar. 11 987 1 o111 1 0 1 15.0 1 13.8
Mar., 7: 206.8
25| 2351 25 N O A I B 24,8
300 30.2 ] 28 3B.6
Mar. 3] 43.8 | 31 39.8| 31 27,00 31 39.1 31 23, 4
Apr. 6 $5.2 i
20 6.21 20 2.0 23 1 23 16.1
Aug. 26 19.1 261 820 24 4.2 26 12.4 26| 15,3
Sept. 1 241
23| 28.0| 23 L0l 20 6.6 25 5.4
28 20,0
Oct. 29! 16.2| 20! aso| 200 185, 200 1L0| 20 5.4
Nov. 4 224 | b 31| 16.2
. bog| o oens 3 A6 6.8 ! 5 5.3
Nov. 9| 202° 9| 33.5| 9 580 0] 1m.4t 9 6.4
Nov. 16| 31.4 | ' !
1889, | j
31 23| 3 AG1 61 1.2 B 4.9
dan, 9| I7.% 9 35 9 1.3 9 2.8 9 5.0
Jan, 157 961 [ooeeii|oeaeanns 11 12,4 100 234
Jan. 91 30.7 i I

WAR 91—VOL 1{—9
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Calro Cincinnati, | Chattanooga, Nashville, St. Louis,
: six days. six days. three dzys. four days.
Dute. Stage. | Date.| Stage. |Dato.| Stage. | Date.| Stage. | Date.| Stage.
|
1889. i ]
16 14.4 7 16 6.6, 19 31.8 18 6.7
18 29,6 21 30,8
Feb. 22 28.1 22 38.1 22 211 23 35.2 22 5.6
Feb. 28 32,1
3| 16.2 3 6.9 6 13.4 5| 16.0
8 14.2
Mar. 9 27,1 9 27.8 9 6.3 9 13.4 9 13.3
Mar. 15 3.8 14 17.4 14 5.8 117 19.2 16 15.0
1¢ 10.7
June 20 20.2 20 28.9 20 28.9 20 25.4 20 16.6
June 26| 23,5 | oo eceieeeeeaos 21 23,0 22| 184
1800.
15 34.5 15 4.6 18 25.1 18 14.4
Jun. 21 437 21 43.8 21 7.0 21 35.2 21 10.5
Jan. 27 42,6 | 23 13.0 24 35,7
5 35.0 5 7.2 8 33.7 7 11.2
10 20,4
Feh. 11 38.3 11 43.2 11 17.8 11 37.4 11 10.4
Feb. 17| 418 |- oo | 121 381 ‘16| 11.2
1890.
23 43.0 23 7.2 26 31.3 25 R, 0
N 28 0.1
Mar. 1 42.1 1 56. 8 1 40.2 1 47.2 1 Q.4
Mar. 7 47,2 [t 2 42.5 G 50.6
Mar. 12 48. 8
20 46.5 20 11.% 23 37.5 23 11.5
25 27.2
Mar. 20 46.7 26 59.1 26 2G.0 26 40. 6 26 1L
Apr. 1 48,5 ool SO, 28 40.9 30 15.
Apr. 3 48.
32 37.0 23 11.9 24 28.3
24 40. 3 24 11.6 27 10.6 26 4.0
May 30 33.8 30 41.3 30 7.4 30 10.2 30 12. 4
June 6 30.6
1891.
31 25.9 31 9.3 3 20.3 2 3.7
Jan. 6 28.5 6 48.7 G 15.2 [§ 23,3 G 4.7
Jan. )2 32.2
19 41.5 | 19 18.2 22 20.9 21 4.8
Feb. 25 44.3 25 YN 25 20.0 25 27.3 25 10.7
Mar. 3 46,1 ... o L 26 20k 27 11.5
Mar. 4 46.2
6 33.0 ! 90,0 ool 8 7.0
11 38.9 9 47.9 1] 3.0
Mar., 12 44.8 12 43.3 12 31.6 12 48, 12 7.8
Mar. 18 E 2 320 RO R PO M 13 49.2
1 15.4 3] 26.3 3| 10.4
Apr. 1 42,8 1 37. 3 16. 3 4 26.2
Apr. 7 44,7 7 43.5 7 11.6 7 19.2 7 18.5
Apr. 13 43.3
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After trying various mothods ol predicting Cairo stages from the stuges at
Points abovo, the following was found to give tho most satisfactory results:

When the viver at Cincinnati has been yising for ab least six days und has
Yedened o crest, the rise at Cairo in the next six days will boequal to the riso at
um'fi‘mmti in the preceding six days multiplicd by the mean stage at Cincinnati
on thc day of the crest and six days before und by the factor 0.69 plus the three-
day pisc at Nashville preceding the day of the Cineinnati crest, multiplied hy
the meun stage at Nashville on the day of the erestand three days before and
by the fuctor 0,62 plus the rise at Chattanooga in six days preceding the Cin-
Clnnati erest, multiplied by the mean stage at Chattanooga on the day of the
(.;“1('im:'.ni crest and six davs before and the factor 0.42 plus the four-day risc at
St. Louis preceding the Clneinnati crest, multiplicd by tho mean stage at St.
Louis on the day of the Cineinnati crest and four days before and the factor 0.32,
the whole sum divided by the stage at Cairo on the day of the Cincinnali crest
and multiplied by a factor given below dependent on the stuge of the river at

airo,

T T i R
Cuivo | 1o niap || Cairo [ oo Cairo | .
stage. IFactor. = stiigro. I'uctor. | stage. Fuctor.
i i
15 L3653 T 27 324 !| 10 .23
iy L3190
16 I T Al 4 o7
17 360 30 L3308 1 42 L2016
18 L 357 1 a0 204
19 L3455 ” B . 304 | S T4
20 5 T AR [ BN B 8
|| 33 L2204 l
21 L3023 L287 46 171
22 LT 3D L 283 i 47 . 159
23 L33 o4 . 150
24 33T ‘ 36 .26 | 49
25 RN S 1 L2050
398 L2358
26 320 1 L248 a\

y When the changes ave falls instead of rises they enter the sum with a minus
S1rn,

The agrecoment between the obscrved stagos at Cairo and thoe stages computed
according to tho rule given is shown below for all tho important rises for which

cre are records.

The probable errors of computed stages according to this rule ave for stagces
from 20 to 30 fect, -1-2.2 feet, 30 1o 35 feet, -2 feets 35 to 45 fcet, --0.9 feot; 43
t0 50 feet or over, -f-1.4 feet.

CAIRO STAGES AND RIsES IN SIX DAYS AND TO CRESTS.

Riso in| Additional | Com- Rofild-
Dute. Stage. six riso to crest { puted C“a S.
days. in fcet. rise. ggls'_"
1875.
Jun. 31 2.0 - 4ol 7.5 3.1
May 2| 30.3 [T A P 1.9 —92.8
Nov. 20| 10,9 R 5.1 3.2
Doc. 30| 25.9 0.7 | 3.4in3days | 14.0 4.3
1876.
| May 7| 35.0 6.9 0.3in1 day 0.2 —8.7
1877. .
Jan. 20| 28.6 7.8 | 0.6in2days 8.6 0.8
Nov. 29| 1.8 702 IR, 7.8 2,4
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Risoin| Additional | Com- | Fesid-
Date. |Stage.| six rise to crest | puted C‘(;?;]b’_
days. in feot. rise. obs.
1878
Jan. 2| 26,2 —2.1 ... ___. 1.1 3.2
Ieb. 1| 25.4 2.0 L 1.8 —(. 2
Mar. 13 | 32.9 2.2 e 1.5 —0.7
1879
Dec. 27| 31.2 6.0 Lo 3.6 —2.4
1880.
Feb. 17| 35.7 7.3 ]0.4in1 day 6.9 —0.4
Dec. 8| 26.2 40§ 5.3 1.3
1881
Jun. 24| 29.7 ) IS 1.5 2.6
Mar. 181 32.6 (S I 6.3 —0.6
Apr. 171 44.8 S 2 T 1.1 0.8
June 15 ; 23.1 7.410.3in 1 day G. 4 —1.0
1882,
Febh. 21 47.4 4.3 oo 1.9 —2.4
1883.
Jun. 24| 20.6 101 L. 11.2 1.1
Nov. 23 | 20.7 I T 1.4 —3.9
Dee. 28| 28.5 6.8 |t 9.9 3.1
1884.
Feb. 3| 28.7 5.1 11. 4 —3.7
Feb. 5| 34.2 L6 oL 8.9 —2.7
Feb. 81 42.3 5.913.6in8days 4.6 —1.3
Feb. 11| 45.8 4.5 1 1.5 in 5 days 2.0 —1.6
Feh. 14| 48.2 3.3 10.3in2days 1.8 —1.5
1885. ; !
Apr. 81 257 T 4.8 —1.2
Apr. 21| 3L0 7.0 0.2in 1 day 3.6 —3. 4
Nov. 7! 19.0 7.2,0.31in 1 day 7.7 0.5
Dec. 17| 18.6 509 e 7.3 1.4
1886.
Apr. 91 418 2.410.8inddays ! —0.4 —2.8
May 16| 39.1 | —O0.9 i ... .. —0.2 0.7
Nov. 24 [+ 9.4 14.4 : 0.1in 1 day 23,4 90
Dec. 20} 10.3 10.6 } 0.21in 1 day 13.7 3.1
1887.
Apr. 25| 30.3 00 | 8.5 —0.5
1888.
Mar., 1| 287 | —L9 | L. 1.2 31
Mar. 31 | 43.8 Ld . 2.6 1.2
Aug. 261 19.1 5.0 L 6.3 1.3
Oct. 29| 16.2 6.2 | it 4.3 —1.9
Nov. 9| 20.2 1.2 oL 3.4 —7.4
1889.
Jan. 9| 17.9 8.2 | 4.6 in 6 days 5.3 —2.9
Feb. 221 28.1 4.0 | 6. 4 2.4
Mar. 9| 27.17 =383 | ... —2.2 —1.1
June 20| 20.2 4.3 |l 3.1 —1.2
1890.
Jan. 21| 43.7} —1.1 |.___._____.____ 1.8 2.9
Feb. 11| 38.3 35 | 2.4 —1.1
Mar., 1| 42.1 5.1 | 1.6 in 5 days | 5.6 0.5
Mar. 26 | 46.7 1.8 0.2in5days 2.2 0.4
May 28| 33.6 | —L2 | . ......__.... —0.3 0.9
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Another rule derived for Cairo, which does not, however, give as good results
83 the above, is as follows:
Rule.—Tho six-day rise at Cairo after a crest at Cincinnati is cqual to the six-
ay rise at Cincinnati multiplied by 0.37, plus the six-day rise at Chattanooga
multiplied by 0.38, plus the threc-day rise at Nashville multiplied by 0.31, and
Plus the four-day rise at $t. Louis multiplied by 1.3, tho whole sum multiplied
b¥ a fuctor equal to 0.30 plus 50 minus the square of gauge readung at Cairo on
ay of Cineinnati crest, divided by 1,500, The factor is as follows:
an_t (F0—GY
5044y
(0304 1,900 )
This factor for stages [rom 25 to 50 feet is given in table below.

Cairo. | Cairo. ‘ Cairo.
Stage. | Factor. || Stage. | Factor. || Stage. |Factor.
26| 0.61 1 35| 0.42 ‘ 43| 0.33
9 0.59 da] 032
98 | 0.57 a6l o040 45| 0.31
b9 | 054 1| 0.39
3010 0.5 38| 037  46( 0.31
: [ om0 o3e) 41| 031
31 0.49h 40| 0.3 ] 48] 0.30
32| 0.47 b a9l 0.30
33| 045 41| 03| 50| 0.30
1043 42] 0.3¢ ¢
1l |

The probable crrors of computed stages according to this rule are as follows:
for stages from 20 to 30 foct, -]-2.1: 30 to 35 feet, 4-2.35 35 to4b feet, 41.4; 45to
90 feet or more, -f-2.3.

. The comparative crests at Cincinnati and those following at Cairo are shown
In the following table, with the average stages also at Chattanooga, Nashville,
nd St Louis:

T T KPR w
- Do 3 =
2| gb | . R §o . S
g8 2 4 A3 g L g 2| 4 | Bs
E|E 1 E L g g = e
5 ’ £z S l s . g £ = S | §=
g & i u Ly sl S < & K=
i = N 5 = = = < : 2
S| U | “ n 1o 19 SR n | O
_ - S — ———— 1
il 1ol 17240 I‘ o o 20,7
e e ] B | s
12 J (DN D PP &t P 7> T [PRRIIES SRR, PR 1510
20 .o b i ______ 25.0 l 33| 14| 19| 13}3L5
D5 I U AU 32,3
.3 N I .. 25,3 | .
IO R R Fee 25.6 | 86 |l 32.8
S A A . N N S R 33,6
T R | ... LTI S S EURE IR I 34,4
o5 | 26068 89 Lo 35.9
; i |0 35. 7
w10 2poa2 28
o T R ...~ RS TS T IR S I 36. 4
. 3 SO Lo Poscl o 42 e 37,1
00 feaan. . (AU T VRN 5 O R P F | 37,7
i 080 o |eaaea- [ | 20,2 -
| ' |
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. x . 0
o & . 3 P & . R
- 8 = W ojmE o = g < w | oma
2 £ = eREER = = = R
2 E |5 5T E 25|58 |¢E
&) &) i w |0 | O (&) “ ®w | O
| I ||
T SN PN A | 38.5 £y I N N SO 48.5
15 181 30 121 39.3 A8 | 48.8
53 3 T IR I 49.2
46 | .. |- 0.1 60 o). 49.6
47 |- |, L 41,0 |
48 oo [ A 41.8 (61 10 I S I 49.8
49 ... S D 42.7 62 |l S 50.2
50 |, [ 43.4 63 1. |..T .. . 50. 6
' 64 oo 51.0
| 2 65 |- .. e 51.3
I 15.0
| 5.7 66 [ 51.6
o | I ______ 46.5 67 37 46 14 | 51.8
st U I 47.3 68 ||
I S R IO I
56 28 | 39 15 1480 70 L. R R

When the stages at Chattanooga, Nashville, and St. Louis differ from the above
the Cairo stage is to he corrected as follows:

For Chattanooga above or below the stage given --0.31 times difference.

[for Nashville above or below the stage given -0.06 times difference.

For St. Louis above or below the stage given -[.0.17 times diflerence.

The examination of Cairo crests with reference to Evansville crests is of 10
particular value. 1

Paducah is 45.53 miles above Caivo. The difference in height above sea-leve
of the zeros of the gauges is 17.6 fect. .

The comparative crests are as follows, which do not, however, give the Qﬂqu
stage accurately because of the water coming from the upper Mississippi River

Crests. ! Crests.
ST TR | L Caire. sarie
Paducah. (’d“({:{;:‘m(' ‘ Paduacals. (’““d(:)";:"‘u'
_____ . o —— [ |‘ - _— [  P—
32 l 44 15
B 45 46
3 l
35 !| 46 47
Y 48
36 ' 48 8.8
47 RO T T 496
a8 30 ; 50 50. 4
30 10 |
10 4 d Hl 511
B Y
41 42 ¥ g9
42 ER . o4
43 I 44 i D5

The rises at Cuairo, on the average, are to those at Paduaenh as 1.0 to 0.8. .

The rise at Cairo corresponds with the rise at Padueah when the upper Mis*
sissippi is statiopary. as shown by the stages at St Louis. |

When the Paducal stagre is stationary the rise at Cairo in three days is equé
to the rise at St Louis in the preceding three days multiplied by 1.03 and &
factor equal to the St. Louis stage divided hy the Cairo stage.
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b(ThO jimportant stages at Cairo, Paducah, and St. Louis since 1875 are given
clow ¢

Cairo. ‘ 1’aducah. St. Louis.
Date. Stage. !Dat-o.! Stage. I)ut-o.% Stago.
—_— O .| e e e—
|
18%75.
‘ 30 3.5
Jan. 2 186 2 20.0 2 2.5
Jan. 921 b 24,8 5 4.9
Jan. 8 24,6 ] 26. 8
28 19.9
May 1] "28.7 1 19.6 1 22.0
May 4 34.2 4 22.9 4 24,2
May 1 37.06 7 28.1
24 7.4
Nov. 27 17.6 27 15.9 27 6.6
Nov. 30 21.4 30 92,2 30 5.2
Dec. 2 23.0 2 23.5
1876.
30 7.0
Jan. 2 32,3 2 34 2 7.2
Jan. 9 35.17 5 37.3 H 16.0
Jan., 8 39.0 8 36.5
5 25.5
May & 36. 4 S 26.0 8 30.0
May 11 405 11 29,2 11 32.0
May 14 42.2 14 30.5
10 21.5
June 13 25,4 13 13.8 13 21.9
June 16 26, 3 16 190.2 16 23.2
Juuo 19 32.6 19 22,8
1877.
. 19 10.0
Jan. 22 32,3 29 344 22 10.0
Jan, 25 35.17 25 37.0 25 0.8
Jan. 28 37.0 23 3.0

D
Nov. 28 16.9 28 12.6 28 13.
Dec. 1 19.8 1 14.56 1 11.
Dee. 4 23.6 4 15.0

[=3¢ 23 &)

1878, i
| 26 14.8
Dee. 29 21.4 201 133 29 16.6
Jan. I 25.1 1 16.0 1 17.4
Jan. 4 27,0 4 10.1
! 27 10.4
Jan. 30 RS 30 10.1 30 13.6
Ifeh., 2 26, 4 2 2.8 3 12.0
Ieb. 5 29.8 b 2103
! 8 16. 4
Mar. 11 30,0 11 23,5 11 21.8
Mar. 14 34.0 1t 24.8 14 RIS
17 28,6

Mar. 17| 35.7
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Cairo. | Paducah. l St. Louis.
Date. Stage. fD:Ltc.l Stage.

1818,
20 15.8
Apr. 23 27.0 23 18,9 23 18.5
Apr. 26 34, 26 U9 26 21.6
Apr. 29 37.0 29 20.0

Date.| Stage.

—
<

1879.

17 8.7

Jan. 20 20.6 | 20 .1 20 8.6

Jan. 23 L9023 3.3 23 8
Jan. 26 36. 0 26 38.0 | -

Dee.

1
11 18.3 11 13.
Dec. 13

20. 7
: 14

IR, 4

O=O

— e

-1

[=JR S}
—
oy
~

Dec. 30. 17 26.9

21 4.5
Dec. 27 31.2 27 32.8 27 4.0
Dee. 30 35,7 30 36. 8 3 5.4

1880.

Jan. 2 37.2 | 20 300

i- ) | b1 9.4
Peb. 181 e s oaes ol
Feb. 21, J4r.2l 215 4001, 200 (g
Feb. 24| 434] 2. 420

[ 3 |1

Dee. 6 20.4 6! 210 6! 5.3

Dec. Y 20,1 IS B Y 4.7
Dec. 12| 3L.5( 12| 3151
1881. | ;

n i [ Lo 8.6

Jun. 230 o5 o un o2 w2 8.5

Jan. 25 Lo 250 303 } 25 S, 2
Jan. 28| w26 | 2x | g2
H ]

; ! | w201

Mar. 190 L8 100 257, aw | e

Mar. 2200 3360 22( A0 | 22 2
Mar. 25 ‘ CXIE R

; ’ 11 26,2

Apr. Tho Aol a2t | 27

Apr. 17 4bs| 13 .00 17T 218

Apr. 200 45y, Do B8y |

June 16 . 241 ];;

16 2.4 3
June 19 I8, 19 : 1S, 8 19 SRS
June 220 3008 | N

|
1882, | [
17l 10.3

|

Feb., 20! 46,

. Lio20 ] 4580 20] 182
Peb. 281 50.8 1 =231 g5 23] o1
Feb. 26 5LY| 26 | 50.0

1
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Cairo. Paducah. St. Louis.
Date. - | Stage. | Date.| Stage. {Dato. Stage.
1883.

21 5.8
Jan., 24 20. 6 24 20.3 24 5.2
Jan, 27 26.7 27 27.0 27 5.8
Jan. 30 30.17 30 28.4
21 10.0
Nov. 24 21.0 24 14.2 24 11.2
Nov. 27 26,3 27 20,2 2N 10.8
Nov. 30 28.1 30 23.1
25 5.1
Dec. 28 28.5 28 29.5 28 4.6
Dee. 31 33.5 31 33.5 31 8.0
1884.
Jan. 3 35.3 3 34.8
13 12.2
Feb. 16 49,7 16 51,2 16 13.7
Feb., 19 51.2 19 53.0 19 15.6
Teb. 22 51.8 22 54.2
21 16.4
Mar. 24 47.4 24 45.9 24 18.4
Mar, 27 47.8 27 44.9 27 23. 4
Mar. 30 48. 6 30 43.7
1885.
5 20.3
Apr., 8 25.7 8 15.2 8 20.0
Apr. 11 9.4 11 21,6 11 19.5
Apr. 14 31.5 14 22.8
19 20. 4
Apr. 22 32.4 22 24,2 22 19. 8
Apr. 20 35. 4 25 28,2 25 23.8
Apr. 28 38.2 28 28,2 :
H 11.0
Nov. 81 19.6 8 13.2 817 12.0
Nov. 111 23.8 11 19.2 11 12.1
Nov. 14 26.5 14 21.8
1886.
> 8 23.2
May 11 31.0 11 19. 8 11 24,9
May 14 35.6 14 205 14 26. 8
May 17 39.8 17 25,9
21 5.5
Nov. 24 9.4 24 9.5 24 5.8
Nov. 2% 18.8 27 17.9 27 5.4
Nov. 3V 23.8 30 22.3
13 3.3
Dee. 21 11.8 21 11.8 21 4.0
Dee. 24 17.9 24 17.3 24 3.9
Dee. 27 21.1 27 19.0

137
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Cairo. Paducah. St. Louis.

Date. Stage. [ Date.| Stage. [Date. | Stage.

1887.
20 17.2
Feb., 23 46.1 23 43.4 23 16.4
Feb., 26 46,7 26 4.7 26 16. 4
Mar. 1 47.1 45. 3
23 19.0
Apr. 26 33.6 26 27.2 26 18,0
Apr. 29 38.0 29 33,4 29 17.1
May 2| 39.4| 2] 343
1888.
! 19 7.0
Feb. 22 23.6 22 19.8 232 10.3
Feb., 25 26. 6 253 20.9 25 15.0
Febh, 28 29.0 28 21,2
25 20

Mar. 28| 31.6| 98| 20.8| 8| 25
Mar. 31| 43.8| 31| Z3n9| 31| o
Apr. 3| 452! 3| 404

O

. 23 15.4
Aug. 26| 19.1] 26| 110 26| 153
Aug. 29| 222 29| 152] 929 14.1
Sept. 1 24.1 1 17.6

26 5.3
Oct. 29] 16.2| 20| 13.8] 29 5.4
Nov. 1| 20.2 1] 18.4 1 5.2 !
Nov. 4| 224 41 20,2

, 8 5.8
Nov. 11] 22.8| 1 20.7 i1 7.9
Nov. 14| 30.0] 14 28,0 1 14 8.6
Nov. 17 3.2 17| 28.4
1889.

138 5.8
Jan. 16 26.2 16 22,2 16 8.0
Jan. 19 [ 98.7 19 24.3 19 11.8
Jan. 221 30.6] 22| 253

17 4.9
Feb. 201 22.8| 20| 21.0] 20 5.9
Feb, 23 2071 23] 9280 o 5.3
Teb. 26 { 32,81 26| 31.4

17 1.0
Mar. 207 2121 20| 185 20! 128
Mar. 23 22.4 23 13.6 24 15,5
Muar. 24 25,3 26 17.6

15| 155
June 18 | 27,6 18| 20.0 18 147
June 200 3000 200 k|2 18.0
June 28] 345 2. 27,6 |

]

...l..l l
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Cairo. l Padueah. l St. Louis.

Date. Stage. | Dato.

1890.

Stage. ! Dade, ! Stage.

1l 9,
Jan. 14 36,0 14 3001 14 13. 0
Jan., 7 4.7 15 3.5 17 L2
Jan. 20 45,7 ) 39,7

8 L4
Feb. 11 BN 11 35, 4 1t 10. 4
I'eh. 14 40,7 14 8.1 14 10.8
Feb. 17 41.8 15 J8.7

1890.

3 7.0
Mar. 6 46,7 3 6.7 G 5.5
Mar, 9 47.9 4 48,3 9 5.1
Mar. 12 4.8 12 48,4

25 11.%
Mar, 28 ! 28 45,7 28 13.0
Mar, 31 48,1 31 46. G 31 14.5
Apr. 3 48.7 3 47.2 '

20 12.9
May 23 20,6 23 244 23 12,0
May 26 315 26 27,6 26 14.0

May 29| 340| 20| 20,4

—
e
[
~1
o

June 16 2,81 16 12,6 16 19.3
June 19 203 19 .4 19 19,7

I Tune 22 25,2 o2 1.7
15 7.3
Sept. 18 15.2 18 140 18 7.0
Sept. 21 f . 19,1 21 16.9 21 7.7

Sept. 24 20. 4 24 16.7

Oct. 29 16.8 29 12,
Nov. 1 19, 4 1 16,
Nov. 4 211 4

1o =1
[
—
v ek
Ha 19 O

e

16 G..

Nov. 14 18.8 19 1G.2 19 6.6
Nov, 22 2.2 22 2005 | 22 8.0
Nov, 25 243 25 20.5

1891.
3 4.

-1

Jan. G 28,5 s 2(‘! 8 } 4.
Jan., 9 30,9 §) 2007 9 5.3
Jan, 12 w22 12 30,7

' 2| w1
Teh, 260 LT 26 3.1 20 .4
Mar, 15 I8 1 0.5 1 10.7
Mar. 1. d6.Z2 + 15,8

28 157.7
3l 56,4 31 9.
13 0 PR 3 ¢

Mar. 31
Apr. 3
Apr. G

=i
k= A
-l
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LA CROSSE, WIS.

The danger line at La Crossc is at 13 feet. The highest water, June 19, 1880,

was 17.4 fect.

The distance to St. Paul is 130 miles.

The corresponding wave-crest water stages at St. Paul and at La Crosse about
five days later are as follows:

La Crosse,
St. Paul. five days after.
6
7 8.3 4.1.4
8 9.3
9 10.2
10 1.1 41.3
11 11.9
12 12.9
13 13.5
14 14.1
15 14.6
16 15.1
17 15.56
18

The principal tributaries coming into the Mississippi botween St. Paul and
La Crosse are the Chippewa River, which drains 9,602 square miles, the St.
Croix, draining 7,508 square miles, and the Black River. draining 2,880 square
miles. The Root River, coming in just below La Crosse, drains 1,685 square
miles. .

The total drainage ares of the Mississippi above St. Paul is 33.719 square miles.

The total drainage area of Mississippl above mouth of St. Croix River is
41,287 square miles,

DUBUQUE, I0WA.

Thedangerline at Dubugue isat 16 feet.  The highest water, 21.8 feet, occurred
April, 1870. .

The distance from St. Paul to Dubuque is 228 miles.

The corresponding wave-crest stages at St. Paul and at Dubugue about five
days later arc as follows, not, however, very good for predicting stages:

Dubuque
St. Paul. five duys aft’(:l'.
5 6.9 F2.2
6 7.6
7 8.3 4.2.0
8 Y. 8
9 1.0
10 12.4  42.4
11 13.7
12 15.1
13 15.2
14 15. 3
15 15. 4
16 15.4
17 15.5
18
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The Wisconsin River, draining 11,850 square miles, adds water to the Missis-
sippi between St. PPzul and Dubuque, likewise the Chippowa, and St. Croix
rivers, and the Turkcy River. draining 1,679 square miles.

The total drainage area of the Mississippi above the mouth of the Chippewa
River is 53,116 square miles.

DAVENPORT, I0WA.

The danger line at Davenport is at 15 feet. The highest water, 20.9 feet, in
1868, was caused by an ice gorge. The high water of April 25, 1870, was 16.7
feet.

The distance from Davenport to Dubugue is 106.5 miles.

The difference in lovel of zoros of gavges is 4.5 feet. ®

"The corresponding wave crests at Dubuque and at Davenport two days later
are as follows:

| Davenport, | Davenport,
Dubugque. stwodays aftcr.|i Dubuque. t,wodayapaftor.
‘I
5 4.2 J0.8° 14 11.3
' : 15 12.0
6 4,7 !
7 5.3 ! 16 12.7 4.0.3
8 58 0.7 7 13.6
9 6.7 : I8 14.5
10 .60 40.6 : 19 15.5
: 20 16. 4
11 )
12 8.7 21 17.3
13 10.5 22

The important tributaries joining the Mississippl between Dubuque and Dav-
enport are the Makoqueta, draining 1,836 square iles, and the Wabsipinicon,
draining 2,490 square miles.

The Rock River, which comes into the Mississippi just below Davenport,
drains 10,690 miles.

The total drainage arca of the Mississippi above Davenport, including the
drainage arew of Rock River, is 93,364 square miles.

KEOKUK, 10WA.

The dangerline at Keokuk is at 14 feet. The high water of 1851 was 21 feet;
that of July 4, 1867, 15.9 fect.

The difference in the level of zeros of gauges at Keokuk and Dubuque is 101.5
{cet.

The distance Nrom Dubugue to Keokuk is 235.25 miles.

The corresponding wave-crest water stuges at Dubuque and at Keokuk about
four days later are as follows:

.___ . -f(cokuk, four 'I Keokuk, four
(Dubuque gy egatter. ; Dubuque. days aftor.
. i
4 1.0 14 12.0
5 2.3 41.2 15 12.4 41.3
6 2.6 : 16 13.0
7 50 41.7: 17 13.6
8 6.7 18 14.4
9 8.0 190 15.3
10 9.0 +1.2 20 16.3 £0.9?
11 9.9 21 17.2
12 10.6 22 18,2
13 11.4 23
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The important tributaries carrying water to the Missisgippi between Dubuque
and Keokuk are the Makoqueta, draining 1,836 square miles; the Wabsipinicon,
draining 2490 square miles; the Rock Rivor, draining 10,690 squarc miles: the
Iowa River, draining 12,250 square miles, and the Skunk River, draining 4,322
square miles.

The Des Moines River, coming in at Keokulk, drains 14,955 square miles.

The total drainage arca of the Mississippi above Keokuk, including the drain-
age wrea of the Des Moines, is 126,203 squarce miles.

The stages at Davenpart and at Ieokuk about four days luter are as follows:

i

[ Davenport. | Keokuk.

0.2 9.5
12.5 13.4
17.3 17.3

LOUISIANA DBRIDGI, MISSOURI.

The danger line at Louisiuna bridge, Missouri, isat 12fect. The highest water,
21.94 feet, occurred in 1851, In 1831 there was a stage of 18.7 fect.

The distance from Louisiana bridge to Keokuk is 89.75 miles; the difference
in level of the zeros of the gaugres is 40.5 feot.

A stage of 11.9 feet at Keokuk corresponds 10 11.7 feet at Louisiana hridge two
days later; 17.2 at Keokuk corresponds to 16.2 at Louisiana bridge.

‘The prineipal tributary coming into the Mississippi between Keokuk and Lou-
isiana bridge in addition to the Des Moines is the Salt River, draining an arca
of 2,741 squarc miles.

BEARDSTOWN, ILL.

The danger line at Beardstown, 111, on the Illinois River, is at 12 feet. The
highest water, 21.3 feet, occurred in 1882.

The distance from Beardstown to Peoria is 65 miles; the difference in level of
the zeros of the gauges is 10 feet.

The record of gauge readings at Peoria and Beardstown have not as yet been
kept long enough to permitof making a table of corresponding wave-crest stages

The highest corresponding stages observed ave given below :

e R

Peoria. Beardstown.

Date. !Stago. Date. ([Stage.

1885. 1885.
Nov. 12| 12.0 | Nov. 20| 10.3
1886. 1886.

Jun. 8| 14.2 | Jan. 17| -13.4
Feb., 19 16.0 | I'eb. 26 | 16.0
Mar. 25| 15.4 | Mar. 30| 14.0

1887. 1887.
Fch, 20| 18.8 | Feh. 23| 16.5
1888. 1888.

Mar. 5 13.6 | Mar. 10 13.4
Mar. 31| 14.1( Apr. 3| 13.5
June 2| 13.0 | June 8| 12.2

1889. 18%9.
June 23| 11.0 | June 27| 12.0
1890. 1890.
Jan. 20| 12,3 | Jan. 20| 13.5
Apr. 131 133 | Apr. 14| 11.1
June 25 ¢ 13.3 | June 29| 10.3
1801. . 1891,
Apr. 1T 15.0 | Apr. 24| 12.8
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The Sangamon River is the most importunt tributury coming into the Illinois
between Peoria and Beardstown.
The Lllinois River drains 27,465 square miles.

OMAHA, NEBR.

The danger line at Omaha is at 18 feet.  The high water of April 24, 1881, was
21.8 feet.

The distance from Omaha to Sioux City is 135 miles; the differonce in lovel of
the zeros of gauges is 117.8 feet. _

The corvesponding wave-crest water stuges uat Sioux City and at Omaha ubout
two days later are as follows:

Omala,
Sioux City.| two days
after,
8.0 9.0
9.0 9.8
10.0 10.8 40.8
11.0 11.8
12.0 12,8
13.0 13.8
14.0 146
15.0 15.4 4.0.6
16.0 16.0
17.0 17.5
18.0 19.0
19.0 20.5
20.0 22,0
21.0 23.0
22.0 23.8




144 REPORT OF THE CHIEF SIGNAL OFFICER.

The principal tributary of the Missouri between Sioux City and Omaha is th
Little Sioux River.
The following are the stages at some of the important rises:

Sioux (,1Ly ’I Omahd.

Sioux City. Omabha,

iy
il
g i
Dd.tc. Stagc.:i Dute. stdgo || Date. |&tdg i
|
|

Date. (Stage.
e -

1879. L1879, 1885. 1885.
Apr. 11152 Ape. 9| 1.0 | Jine 15 | 14,9 \ Junc 17 | 16.6
Mayl, 347 87, May 1/10.3 1886. | 1886.
June 6 | 117 4 June 7| 13.2 | June l L8 i June 11 [12.9
June 16 | 14.2 | June 18§ 15.6 | July 1.6 v July 111 10.9
June 26 | 148 © June 28 117,01 1887, | 887,

1880. 1880, . Mar, 26 | 174 Mar. 28 1 17.9
June 41 10.4 7 June 6 12,3 % June 11 | 14,8 I June 12 ] 13,5
June 19 1 12,5 June 21§ 15,6 | June 25 1 15,8 * Junc 29 ! 14.9
July 711375 July 9| 171 . 1888, i [ 1888,

Sept. 2| 8.8 ’ Sept. 41105 [ Apr. 8 1.8 ] Ape. 9| 15.2

1881. 1881. Apr. 18 1 15.9 - Apr. 191 15.9
Mar. 27 | 16.3 || Mar. 27 | 16.0 || May 8 11.1 . May 10 | 11.4
Apr. T120.0 0 Apr. 9] 22,0 | May 29 13.5 " May 230 13.1
Apr. 23 ) 2220 Apr. 24 1 23.8 )i June 13 | 14,2 June 14 113.9
May 31| 11.5 | June 2|12.3| June 28 16.3 ir June 30! 16.3
June 14 | 14.1 ; June 16 | 12.2 | July 10§ 15.3 ' July 111

1882, o o1882, CAug. 601004 5 Aug. 10.3
Apr. 10 | 10.2 1 Apr. 11| 11.6 || 1889. | 1589,

June 27 | 13.1 || June 28 { 14.5 | June 11| &5 June 13| 9.

1883. i 1883. “dune 201 &7 July 11 9
Apr. 17 [ 12.1 || Apr. 18 | 3. duly 25| 7.3 . July 28| &

|

ol S
S0 QO =3 U

1

May 24 112.4 | May 25 | 14, 1890, 1880,
June 3110.3 | June 4| 116} Apl. J4 | o5 | Apr. 15| 10
June 25 1 12.9 ¢ June 28 | 14.2 || May 27| 9.7 May 201 9,
July 9132 Juy 81152 June 71135 ii June 9] 1209

s, © 1884, y; July 7 1L8 | July KR!11.6
Mar. 22 14.0 || Mar. 24 | 15.5 | July 19| 10.7' July 20 10.6
Apr. 4156 Apr. 6| 17T.0| 1%01. i 1891,
June 21 | 15.0 @ June 22§ 14.6 |

1883, L1885,

I'Apr. 101 10.6 ‘Apr. 11| 11.2
Apr. 13 |10.0 | Apr. 14| 10.7 | i
| |
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PLATTSMOUTH, NEBR.

The danger line at Plattsmouth is at 16.6 feet. The high water of July 4, 1864,
reached 18.9 feet; that of April 24, 1881, was 19.2 {eet.

The distance from Plattsmouth to Omaha is 28.6 milces; the difference in level
of the zeros of the gauges is 17.5 fect.

The corresponding wave crests at Omuha and at Plattsmouth which occur less
than one day after are as follows :

Omaha. | Plattsmouth.
12 9.6 10.8
13 10.3
14 11.0
15 1.7 4.0.6
16 12. 4
17 13.3
18 14.0
19 14.8
20 15.5 4-0.2
21 16.2
22 17.1
RX 18.2
24 19.2 (?)

25

ST. JOSEPH, MO.

The danger line at St. Joscph is at 10 feet.

The distance from St. Joseph to Omaha is 1883 miles : the difference of level
of the zeros of the gauge Is 164.6 fect.

The corresdonding wave-erest water stages at Omaha and at St. Joseph about
two days later arc as follows

I
: St. Joseph
Omaha. |05 duysafter.,

13 14. 4
14 15.3
15 16.0
16 16.8
17 17.8
18 19.0
10 20.0
20) 211
21 22,2
922 33.3
23 2405

A very considerable valume of water is added to the Missouri botween Qmaha
and St. Joseph by the Platte River.

WAR 91—VOL 1y—-10



146 REPORT OF THE CHIEF°SIGNAL OFFICER.
KANSAS CITY, MO.

"The danger linec at Kansas City isat 21 foct The high wuter of 1844 was 37 feot
that of April 30, 1881, was 26.3 feot.

The distance from Kansas City to Omaha is 281.5 miles. The differcnee in the
level of the zeros of the gauges is 242.0{cct.

The corresponding wave-crest water stages at Omulia and at Kansas City tw(
or three days later are as follows:

Kansas City,
Omaha, twoor three
days after,
10 14.8 .|1.4
11 15.3
12 15.8
13 16. 6
14 17.3
15 18.1 4.1.2
16 18.7
17 19,4
18 20, 4
19 21.4
20 22,4
21 23,3
23 24.3
23 RER
24 26.3
25

The Kansas River and latte River aro important tributaries, entering the
Misgsouri between Omaha and Kansas City.
Tho stages preceding important rises arc as follows:

Omaba. Iansas City. ‘ Omabha. Kansas City.

)

Date. [Stage| Date. 1Stage Date.  Stage| Date.  |Stage

IRT5. 1K75. IR78. 1878,

Apr. 16 | 1L2 | Apr. 17 [ 13.2 | May 28 | 16.8 | May 3L | IR0
Apr. 27 1 17.8 | Apr. 30 [ 1.8 || Juno 8 | 17.5 | Juno 10 | 1.5
June 6102 [ Juno 51 14.7 || Junc 25 | 17.8 | Juno 28 | 19.4
Juno 27 [ 15.2 | Junc 20 17,5 || July 26 | 144 | July 29 [ IS5

1876. 1876, 1479, 1879.

Apr. 16 | 13.2 | Apr. 17T | Y7.4 ' Apr. 9| 1.0} Apr. 11 | 16.7
Juno 20 | 14.8 | Junc 22 ] 16.6 || May L[ I0.3 ) May H]10.2
July 4] 1L6 | July 5116.8 || June 7T {132 Juno 10 {13.9
1877, 1877 Juno 18 | 15.6 | Juno 20 | 16.8
Apr. T 16171 Apr. 9] 15.6 { Juno 28 | 17.0 | Juno 30 | 19.2
Apr. 221105 1 Apr. 24 1 14,0 15880. 1880,

May 201142 June 3188 {Junec 6| 123 | June 7| 115
Juno 13 | 17.4 | Junc 13| 21,0 | June 21 | 15.6 | Juno 22 | 14.5
June 30 | 15,2 FJJuly 1195 i July 9 [17.1 1 July 10| 16.7
July 21 113.8 | July 181 16.5 | Sept. 4| 10.5 | Sept. 6 [ 12.1

July 21115,
1878. 1878.
Apr. 27 | LLS | Apr. 20 | 14
May 4| 14

-1

1881, 1881.
Mar. 27 [ 16.0 | Mar. 30 | 18.
Apr., 9 ]22.0 | Apr. 12| 20,
Apr. 13| 21

W

o 2B

(84
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.

- . q - s
Omaha. I ansas City. Omaha. | Kansas City.
v !

I 1 i | ]
Date. Stugc| Dade. | Stage!  Date.  Stage|  Date. | Stage
! | i |

1881. I LTS L1887,
Apr. 241 23, June 15 ] 19.0

Apr. 30 2(3..’1i June 12

[
—
=l

June 2123 | June 3§ 16.4 1l June 29 July  2]18.9
June 16 | 1. Jm)g 18 [ 17,0 1ss8, N 1888,

1882, 1882, CApr. 911520 Apr. 11 1807
Apr. 11 [ 1L6 T Apr. 13 | 15,0 | A]pr. 1% | 15.9 1\%”'. 20| 18,3
June 28 1145 | July 3| 19.2 [ May 10| 164 | May 15| 16.4

1883, 1883, S Nay B0 0181 | June 17188
Apr. 18 | 133 | Apr. 205 142 Juno 14| 109 | Juno 16 117.7
June 28 1 142 [ June 26 | 288 June 30 ] 16,8 July 22004

1884. IS8, poduly 10| 10 duly 13 ] 1805
July 4 [138.2 ] July 5| 17.2 i' Aug. 71003 | Aug. 12 | 147

1885. 1885, ¢ 1890, T8Y0.

Mar. 10| 1202 ] Mar, 17 | 128 3 Apee 151 10,0 | A T4 0.6
7 1.7

May 29 May 28| 10,0
June 11| 17.2
6| July 812
July 14|13

Apr. 14| 10 Apr. 16

June 17 | 16.6 | June 19 June 9|
1886. v I88G. cduly 81

June 11 ] 12.9 | Junc 11 ] 14

July 11 110.9 | July 11 | 1L July 20 [ 10.6 | July 21| 12.
1887, 1887, 1891, 1501,
Mar, 281 17.9 | Apr. 1] 20.2 Ii Apr. 11| 1L | Apr. 15 | 14

-1 =%
—~lv=
Tt

o
Cr

LEAVENWORTII, IKANS.

The danger line at Leavenworth, Kans., is at 20 feet.  The high water of April
29, 1881, was 25.8 fect. ,

The distance from Kansas City to Leavenworth is 30.5 wiles; the difference in
lovel of tho zeros of the gauges is 24.2 feet.

The corresponding wave-crest water stages at Leavenworth and Kansas City
about one day lator aro as follows:

R | :
Leavens | e en
worth. | Kansas City.

12 13.3 0.7
1. 14.3

14 15.3

15 16.4 -1 0.6
16 17.5

17 185

18 19.8

19 21,0

20 22,2

21 2304

23 203

23 21,9

24 25,

25 25.9

26 26. 4

b S (RO

The Kansas River cnters the Missonri between Loeavenworth and Kansas City.
Thore is a gaugo at Munhuttan, at the junction of tho Big Blue River with the
Kansas Rivor, 127 miles above Kansas City.
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BOONVILLE, MO.

The danger line at Boonville, Mo., is at 20 fcet.  The high water of 1844 was
33.62 feet ; that of May 3, 1881, waus 22,58 fect.

The distance from Boonville to Kansas City is 180.3 miles; the difference in
level of the zeros of gauges is 150.3 feet.

The corresponding crests at Kansas City and at Bounville two or three days
later are as follows:

. ‘ Boonville
Kgﬂaas three du.ys"
y. after.
V! l 12.4
15 i 13.4
[}
16 | 14.3
17 | 15.3
18 i 15.9
19 ! 16.6
20 | 172
°1 1.8
22 19.1
23 20,0
24 211
! 25 22,3

The most important tributary coming into the Missouri between Kansas City
and Boonville i3 the Grande River.

JEFFERSON CITY, MO.*
* No observations taken now.

The danger line at Jefferson City is at 20 fect. The high water of 1844 was
28.5 fect.

The distance from Jefferson City to Kansas City is 240.5 miles: the difference
in the level of the zeros of gauges is 193.3 feet,

The corresponding wave-crest water stuges at Kansas City and Jeflerson City
two days later are as follows:

Kansas | Jefferson City, - ]\‘ms‘xs | Jefterson City.
City. two days aftev. '| City. ; two days after.
13 10.3 1[ 26 | 18.7
14 1.0 27 106
15 1.7 113 | 28 2005
) 21,4
16 12.3 0.6 30 22.3
17 13.2 |
18 13.9 i 1 23.2
19 4.7 k 32 241
2 15.5H o B3 P2h0
st 250
21 16.3 b 30 26, 8
22 17.0 i
23 17.6 R 27,7
24 18.0 i 37 28.5
25 18,4 [
“l

The Grand River is the most important sty cam cntering the Missouri River
betwoen Kansas City and Jefferson City.
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HERMANN, MO.

The danger line at Hermann is at 21 feet. The high water of May 4, 1881,
was 20.4 fect.

The distance from Heormann to Boonville is 95.9 miles: the ditference in level
of the zeros of gauges is 82.6 fect.

The corresponding wave crests at Boonville and at IJlermann one day later
are as follows:

Hermann,

Boonville. | ¢y, day after.

14| 13.2
15 13.8
16 14.6

f 15.4
18 16,5
19 17. 4
20 18.3
91 19.4
29 20,2

The principal tributaries coming into the Missouri Rivor between Boonville
and Hermann are the Osage and Gasconade rivers.

ST, LOUIS, MO.

The danger line at St. Louis is at 30 feet. The highest water, 41.3 feet, oc-
curred June 27, 1844,

The distance Mom St. Touis to Kansas City is 401.3 miles; the difference in
level of the zevos of gauges is337.7 feet,  The distance from St. Louis to Dubuque
is 438.5 miles; the difference in level of the zeros of geuges is 199.3 feet.

The stages of water at St. Louis do not follow very closely the stages at Kan-
sas City and Dubuque: the stages are principally the result of the rainfall in
drainage arca below Kansas City and Dubuque, which is 130,000 square miles.

The stages of water at St. Louis were, February 9, 1881, 10,95 February 10, 17.7,
and February 11, 18.0, acrest.  The rainfalls in lower part of drainage area above

St. Louis were as follows: Inches.
Des Moines, 5th to 8th o iiieemiieiiaoaa---- LLO4
Davenport, 6th to 10t e aeeaaecaeeo- 0.8
Keokuk, Hth to 8th i 0. 90
Leavenworth, Sth to Ttho . oo oo 323
Boonville, 6th 1o Sth .. iee e 228
Hermann, Gth to 10th o e 1.45
St. Touds, Tth to Oth e iiiiaaan 0. 27
springfield, N, Tthto9th_ . .- 0. 38
Chicago, Tth to 1ltho oo e AR

The stages of river at St. Louis were: Foet.
February 18, 1882 e emececceenna 10. 4
e ruary 19 o e 1.2
February 20 ool et 18.2
Iebruary 21 e N 20D
Iebruary 22 e 28 2 cresY

The rainfalls were as follows: Inches.
Dos Moines, 1Tt 10 220 oo oo e m oo maeae e 1.15
Dubuque, 1T 10 220 .o oo e 0.42
Davenport, 18th to 20st .o oaeoooo e e e 0,16
Cedar Rapids, I8 10 218 - oo ecomem oo om e 10D
Keokuk, 18th 10 218t oo o i 1.39
Leavenworth, 1Tth o 220 o oo e 0. 87
Boonville, 10th and 20th . oo ieeicicea—ann 5.1
Hermann, 19th and 20th o iicieaceeeno- 4.93
Jefferson City, 19th anedl 20th - oo iiiameaaae- 4.00

St. Louis, 19th aud 20t . oo i cc e i e pammmemmmanen 6.71
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The stages of river at St. Louis were §

I"eet
Tebruary 10, 1888 e 5.4
February I . 7.
February 15 e .. 10.3
February 16 e 20.0
February 17 o e 40
February 18 e e .22 20.8 & CPest
The rainfalls preceding were as follows :
Inches.
Des Moines, 13th 1o 1Tt . o oo e 0.85
Dubuque, T4th to 17th oo oo i 0.75
Davenport, 16th o iiaieeian 2. ‘)O
Cedar Rapids, 13th to ITthe oo e 1.25
Keokuk, L0th . o e 3,66
Leavenworth, 13th to 1Tt h e 1.: b
Joonville, 14th .. . .. __._._. e 0.72
Hermann, th and I5th . . e 2,50
Jefferson City, 13th and 8 e 1.00
St. Louis, I3t to 1Tt o i 2,38
Chicago, 16t . . e 1.94

Tmportant rises at St. Louis extend over at least six days.  The average daily
rises from a large number of cases are as follows:

Peet.
Gt 0 DU Lo el 0.3
Oth L0 4N L . 0.4
L0 B . 0.6
B V0 20 0.4
2 0 ISt e 1.0
Ist tocrest oo ... e i 0.5

The average changes before erests when grouped according to the highest
stage attainéd at St. Louis show no de pendence in size on the St Louis st.um

The ¢ stages of water at St. Louis corresponding to crest stages four d‘t_\s pre-
ceding at Kansas City and the stages tive days before at Dubuque are as follows

S1. Lotis, Mo.

Dubuque. " Dubuque.
Kansas City. = - i: Kansas City. -
5 | 10 115 ) 20 | 5 ] 1w | 15| 2
——— 'I —_ e s -
5 16 | 18 ‘ R 23 | 28
i 24 24 29
6 16 19 I 24 25 31
7 7 20 o5 32
8 17 21 23 25 i
Y 18 2] 24 L] 26 34
10 18 22 25 2 2%
X 23
1 19 | 22 | 25 | o | 5
12 i9 R 25 o 27 | 30
13 20 22 235 29
14 20 22 25 oy | 31
15 20 22 25 28 ! 32
: a3
16 20 22 26 29 34
17 21 23 o7 2y i %5
18 21 23 27 O
19 21 24 2% 30 ! 56
20 22 25 28 B0 37 41
21 22 20 28 |!
I i

Pr obabh, error -[-2.0,
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There is no very definite relation between the rises at Kansas City and Du-

uque and the subsequent rises at St. Louis.

The distance from St. Touis to Boonville is 212 miles; thie difference in the
level of the zeres of galiges is 187.4 feet. .

The distance from St. Louis to Keokuk is 2025 miles; the difference in the
level of zeros of gauges is 97.74 feet.

The corresponding water gtages at St. Louis and Beonville and Ileokuk two

ays previous are as follows: :

s, Louis CresTs J-1.5.

[Ir feet.]

|

Keokuk.

18119 ] 20

i Boon-
ville

sysbefn|sofwn|fn|n | 15 | 16 | 17

S oMl (1415|1617 (18102021
D115 I | 1511617131819 | 20 21 22
Wl 16 16l 171181912020 ]22] 232425
1,16 | 17017 {18 119 [ 20 [ 20 [ 2223 f 24| 24| 25
21w tas oo erlealones) e o526 272728
1311s |10 |20 ]2t |e2las|2ttec |26 2|27 |27 2728|2828
i1g 1o zo| 2|22 o3 eates 2626292802
1 19|20 l2r 2223 et]entos]os|2r]2r28)2

16 120 | 20 [ 22 a3 2425202727127 [28]2912y
ITlor 22 2n|ed |25 2027 [27]20(23(28(2930
IS | b3 g los 25|27 2812829201030

19 | .o o6 [ 26 | 2127|2828 |20 3031

0 T O 97|27 [ 2728128291800 31| 32

20 (oo oL Y [ S 20 030 31| 32 33

22 oL 30 81 32| 33 ) 34

P37 TN O WO SO SO N M R S 3334135
L R I P N |

The drainage area of water passing St. Louis below Boonville and Keokuk ex-
cluding the Does Moines River is 61,740 square miles.

The rise at St. Louis in two days is equal, on the average, to 2,14 times the
Preceding two-day rise at BBoonvitle.

The following are the stages for some of the important rises at 8t. Louis and
the correspondinye =tages preceding at Kansas City, Dubuque, and Pceoria; also
the stages at St. Louis and those preceding at Boonville and Keokuk:

Peorvia.

St. Louis. Kansus City. ! Dubuque.
-

— . Rl EE RS o
Date. ;Smgc. Date.) Stage.  Date.| Slage. [Date.| Stage.

1875
G 8.0 G 11.1
Apr. 10 19.1 10 1.3 10 10.0
Apr. I 19.8 13 12,2

25 14.8 25 16. 4
26 16.5
Apr. 20| 20.8 | 20| IT.6| 20| 161
May 3 206 30 17.8 \
30 10.7 30 11.4
June 3 16.9 3 13.1 3 11.4
June 7 20.1 b} 147
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REPORT
St. Louis.
Date. | Stage. Date.
c—— ! .
1875 .
i
June 21 200, 21
June 25| 2381 29
July 8 27.8 S
July 12 28.8 12
14
26
ug
July 30 280 30
Aug. 3 29.8
6
7
Sept. 10 5.8 10
Sept. 14 05 |
1876.
30
Jan. 3 9.2 3
Jan. 7 17.5
28
Apr. 2 23.5 2
Apr. 6 242 8
12
Apr. 16 26,2 16
Apr. 20 A 7
: |
i 2
May 6 25. 4 6
May 10 32.0 8
: 1
June 15 2.6 15
June 14 . 26,2 | 16
! i .
! 1 1S
June 22 245, 22
Jowe 2600 27,20
| 24
July 8t oenm | 3
July v 3001 5
8
Sept. 127 2100 )2
Sept. 16§ 22210 14
I877. i
Apr. 8 19.4 ¢ 8
9
2,81 12

Apr. 12|
!

Stage.

15.
14.

18.
16.
16.
16.

16. ¢
16,

10,

—_——

—— —

- Date.

26

30

10
16

12
14
16

Kansas City. | Dubuque.

Peoria.

Stage.

1
Date.! Stage.

Ll

-1
-3 4

ot
(2]

el
-X 0 oc 30

e

10,
10.
1.

e w

10.
11,
1L

<=

-1

®L T o

6.0
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St. Louis. Kansas City. Dubugue. Peoria.
Date. Stage. Date.| Stage. | Date. | Stage. { Date.| Stage.
|
1877.
16 11 16 6.2
Apr. 20 19.6 20 13.9 20 6.9
Apr. 24 23.6
May 16 22,8 16 13.1 16 7.2
May 20 25. 6 20 15.0 20 6.5
22 18.1
June 10 23.6 10 22,2 10 7.7
June 14 26.6 14 21.0 14 7.8
26 18.8 26 7.8
27 8.0
June 30 26.1 30 19.0 30 7.4
July 4 26. 6
1878.
4 7.0 4 3.0
Mar. 8 16. 4 8 6.6 8 3.3
Mar. 12 22.8 9 6.8
17 8.5 17 4.3
Apr. 21 16.2 21 8.8 21 5.2
Apr. 25 22,0
30 14.4 30 7.2
May 4 20. 8 4 14.8 4 8.5
May 8 21.2
29 17.0 29 5.3
) 18.0
June 2 23.4 2 17.2 2 7.4
June 6 24,4 3 8.4
7 18.8 7 7.0
10 19.5
June 11 25.0 11 19.3 11 6.5
June 15 25.8
29 19.1 29 5.3
1 5.5
July 3 21.8 3 19. 8 3 5.3
July 7 22,4
24 15.5 24 6.3
July 28 17.6 28 18.3 28 7.3
Aug. 20. 2 29 18.5
1879
25 16. 8 25 5.5
June 29 20.2 29 18.9 29 5.6
July 3 21,2 30 19. 2
1880
1 11.5 4 9.2
June 8 17.4 8 11.2 8 9.9
June 12 20.2
4 156.5 4 14.8
July 8 25.2 8 16.1 8 12.8
July 12 25.5 10 16.7

153
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1881

Mar. 16
Mar., 20

Apr. 13
Apr. 17

May
May

(=38

May 22
May 26

June 17
June 21

Junec 30
July ¢

July 18
July 22

Oct. 22
Oct. 26

Nov. 16
Nov. 20
1882,

IYeb. 18
Febh, 2
Feh, 22

Mar. 8
Mar, 12

Apr. 2

May 1
May 30
June 3
July 1
July 5

St. Louis. |]\'unsusCity.i Dubuque. |

20.1

O IR
PUE/

[ led

o=

P

a9

33,6

RAN

am

R4

24,

a9
ol

24,

29

[¢ e}

S By |

[ &

e

Date. | Stage. il)utc.i Stage. 'I])ut,o

1.7
15.4

(&)

21,

t)")
26

95

< Wto

J
e

—_
¢
crcrpe

9
10
13

30
tv)

16

-

20

, - »._
L Stage. Il)utc.! Stage.

Pcoria,

—
—
[&v]

<
—

— —
bk o
Lo -1 w e

—
<
[

(54
— T
— L S =R e S e P

—ts

ow
(e ]

.I—l
Cr
e

8| 25| 11
12090 209 11

=gt

10.5 27 14
28 14,

oc -7




REPORT

St. Louis.

Date. Il Stage

19 ¢

1883,
Feb., 14
Il'eb. 18
Feb. 21
Feb., 25
Apr.
Apr. 23
May 19
May 23
Juune 22
June 26

1884,
Apr. H
Apr. 9
May 3

P AMay 7
June 8
June 12
June 23
June 27
July 14
July 13
July 28
Aug. 1
Sept. 28
Oct. 2
Qct. 10
Oct. 14

1885.
Mar. 12
Mar. 16
Apr. 20
May 3

O} THE CHIEF SIGNAL OFFICEK.
| Kansas City. . Dubugque. | Leoria.
Tt e T
o, Date. | Stage. ‘Date. | Stage. !'.Dute. Stage. .
B e
74
25. 8
i 17 5.0
23.8 | 21 7.0
| w2l w2,
: . |
15 10.0] 15 &7 11| 13
16,6 19 126 19| 10.6] 19) 1306
l 2.5 W] 12
15 e S 128
93,01 19 . Y1y 1200
26.5 { !
181 el sy s
20| 2
an0l o2 S35 lowml 3004
348 ,
IR - B S v
A S E
o060 [ o5 130, 54 160
28,1 '
201 11,0
or8 Lo 30107 3
4006 4 7.0
187 . 8106 3 6.5
21,7
19 8.8
22 8.0 o 5.5
21,0 o 8.6 : 5.6
21,6 |
8 16.7 8 | 6.8 8 5.1
1.6 12t 1aal o1zt s 2 7.1
20,91 1166 |
b
| oG 1 IRG | 24 | L7 2 5.5
15,01 28 13,1 os | 45| 28 5.6
17.2 1 13.5 '
i
24 0.8 o 14.5
17.0 | 28 207 28I
22,2 2 9.2 |
i : .
6| 19 I 60 16 6 5.8
16| 100 86 10 g2m 10 0.2
20,4 | ... e 16 14.6] 11 0.4
S 8.0 ’ 8 | ________ 8 0.3
1.6 12 1netoa2too 12 112
2.1 172w ‘ ______ | ________ o0 | 15.0
apio 032 09 o3 140
ox g | w0l 100001 20f w8 | 20| 141
{261 U R i
i | l . i
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St. Louis. I Kansas City. Dubuque. Peoria.
Date. l Stage. |D.LtL i Stage. | Date.! Stage. .I)a.tc.! Stage.
| ! !
1885. 1 ! :
230 104 231 a0l 23 8.4
May 27| 16| 27| 1| o7 0.5 1 2 5.4
May 31 20.2 2 12,80 30 10,3 .
9 13.3 Y 8.5 9 7.5
June 13 20.6 13 16.7 13 7.9 13 7.0
June 17 27,1 19 19,1
9| 16.0 9 8.2 9! 4
July 13| 204 13| 153§ 13 5] 18 5.7
July 17 20.6
T 102
9 10. 8 | 9 4,8 9 5.4
Sept. 11| 19.8| 11 9.2 11 5.2 11! 58
Sept. 15 22 18 7.3
1886. ’
T 102
Feb, 9| 180 ... .l i . ... 9 0.7
Feb. 13| 23.2 | .. . ... Lo .. 19 160
[ H H
i | 22t 13,8
220 13y 23] T4 950 15.4
Mar. 26! 21,81 26| 1531 91 837 26 153
Mar. 30 5 23.2 27 15.4 | : |
1| 121, 13 90! 13 ! 12.3
Apr. 170 2L6| 17! 158 17| 7| 19 18
Apr. 21| 237 .. SN IO 1 S BN
i :
50 18| 5 ‘ 1361 5 ‘ 11,0
May 9| 24.1 91 126 9| 123 9l 104
May 13| 21.0] 10, 127 ' ‘
. 91| 16| 21 ! 500 21) 6.3
Jume 25| 1570 251 149 25 57, 25! 5
June 28| 20.4| 27| 152 1§ 6.1 |
1887. | |
11 9.0 110 S5, 111 137
13 . 9.0 . .
Mar. 15| 17.1] 15| 1.8} 11 sel 151 131
Mar. 19 20.1 ' i
i
%10 12,0, |60 | 261 100
Mar. 20 16.0| 30| 20.0{ 30| &8 2., 101
Apr. 3| 206 1 20.2 i ;
I 99 e I
May 3| I1i.1] 3 1027 3§ 10 30 a1
ay ki 18,6 X i
1888. - !
20 ) R 0 O P20 124
Mar. 24§ 19.2| w4 qoogt | P2 12,3
Mar. 28 | 25,6 | 26, 14.6 ... e Y 4.1
| :
71181 7] 86 T 128
Apr. 11| 2.7 | 11+ 18.7]| 11 10.2 1 11 11.8
Apr. 15| 23, 2 ,
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St. Louis. i Kansas City. | Dubuque. Peoria.

Date. | Stage. | Date.| Stage. | Date.| Stage. | Date.l Stage.
I !

1838. | -
6] 159 16| 21.9| 16 7.0
May 20| 26.8] 20| 142 20 20.3| 20 6.7
May 24| 28.0
o7 |oasT 27| 165 o1 7.9
May 31| 20.1| 31} 84| 31| 16.0| 31, 122
June 4 29,4 1 18.8 21 16.4 2 13.0
23 18.0 ¢ 12.4 23 7.3
June 27| 26.01 27| 10.2 27| 12.9| 21 6.3
June 1 27.2 2 20.4
37 20.4 3| 1.6 3 6.9
July 7| 237 7| 193 7| 10,9 7 8.2
July 11| 255 |oeooodoe 14 9.0
1850, : (
T 0.8 24 6.31 24 4.2
May 27| 67| W1 104 23 71 28l 4.3
June 1 2.6 29 10.6| 30 7.4
1890, : : i
o2 sc 22 125 23] 124
June 26 | 19.7 | o | sl 26} 1421 26 133
June 30 2007 30 15.5 |
1891, : , ;
‘ 16 00 O | 16 7.9
Mar. 20 a2l el |- P 8.2
DMar. 240 T 24 10020 S 24 8.6
Mar., 30 19.0
O BT T - 3 O 2% 8.9
Mar. 20| 184 20| 1Al 20| 65 2w 9.6
Apr. 2 19,4 | .
, |
. S I D P 9.8 6 115
Apr. 10| 180, 100 1z, w]| 18| 0] 1Le
Ape. 14 20000 15| 145 I
]
! Dot 9.6y 11| 10090 1] 116
Cape 13D 10s . ] Hs 151 T3] 15| 148
1

Apr. 19 22,

17 1.5 17 15.0
Apr. 2 : 4.
Apr.,

Tt

[T
-t op—
ty

]




158 REPORT OF THE CHIEF SIGNAL OFFICER.

June 19 26,2 |l
t

St. Louis. I Boonville. i Keokuk.
Date. Stage. Dutc.! Stage. "'Dutc.i Stage.
_._:._-___I——
1874, !
13 5.6 13 7.3
May 15 14.4 15 5,00 13 7.4
May 17 16.0 ... .. : ........ P19 7.6
15 12,8 15 6.9
Juno 17 17.6 17 17 5.9
June 19 18.4 18 13,4
9 0.8 9 5.9
July 11 4.5 11 9.7 11 0.8
July 13 15.0 .
1875, [ '
3 4.7 12 5.8
Marc 14| o0 1| a2l oaX| gs
Mar. 16 12,2 l 16 5.8 15 7.1
| i 8.6 10 10.1
Apr. 12 19,2} 2 87 R4 9.6
Apr. 14 19.8 | 19 10.3
|
[ 29 4.0 20 11.2
May 1 22,0 1 145 1 1.8
May 3 2461 2 15.0 3 12.1
|| a3 8.6 3 8.0
June 5 18. ()| 5 11. 4 1 7.8
Junc 7 20,1 i || 12.1
21 | 12,81 21 9.7
June 23 23.2 23 H.3 23 0.3
Junc 25 23.8 | i
8 18.7] 8 12,8
I 9 12,9
July 10 RAN 10 19.5 10 2.8
July 12 288 1.
30 13.7 30 L0
Aug. 1 2.6 1 16,5 1 5.2
Aug. 3 20,8
1876,
2 12.0 2 7.3
Apr. 4 23, 6 4 13.1 4 8.5
Apr. 6 2402
16 i 5.7 16 16.3
; 9 16,5
Apr. 18 RAN 18] 16,9 IS 16.4
Apr. 20 20.3 19 17.1
’ [ i 12, 6 13.0
! P19
May 8 0.0 8 17.7% 8 147
May 10 32.0 |
1 I
_ 5] oy 15 9.2
June 17 .60 17 , 17 17 9.2
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St. Louis. Boonville. Kceokulk.
Date. Stage. |Date.| Stage. | Dato.| Stage.
1876.

RAA 15.1 22 9.2
June 24 23.9 24 15.5. 24 9.2
June 26 27.0 26 17.2
‘ 3| 1.7 3 8.8
July 6 25.5 5 17.5 5 13.4
July 7 30.1
12 13.2 12 12.1
Secpt. 14 21.6 14 13.4 14 12.2
Sept. 16 22,2 16 13.5

1877.

8 11.2 8 11.4
Apr. 10 20.2 10 14,6 10 1.6
Apr. 12 22,8

20 14.8 20 10.56

a1 15.0 21 10.7
Apr. 22 22,6 22 14.9 22 9.9
Apr. 24 23.6

16 14.9 16 R.5H
May 18 3.5 18 17.1 18 9.1
May 20 25. 6 23 17.%

I 18.2 )
June 12 25.8 2 19.6 6.8
Juno 14 26.6 13 19.9

27 18.0 20 0.2

30 17.2 1 10.2
July 2 25.8 2 17.3 2 9.8
July 4 26. 6

1878,

8 8.7 ] 2.8
Mar. 10 7.2 10 11.1 10 4.0
Mur. 12 22,8 11 1.7 11 5.3
21 9.3 21 4.7
Apr. 23 18.5 23 9.6 23 6.1
Apr. 25 22,0
4 12,0 4 1.4
May 6 20,8 6 13.4 6 7.4
May 8 21,2 1 13.5H
2 1L 9 2 5.1
June 4 23,5 49, LS 4 9.0
June 6 o2 T T DR 7 10. 8
1« 11.0
11 16,4 11 10,8
June 13 25. 4 13 16,6 1. 9.8
June 15 25.8
3 16.9 3 4.5
July & R 5 17.1 D 4.8
July 7 2204

159
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St. Louis. Boonville. Keokuk.
Date. Stage. |Date.| Stage. | Date.| Stage.
1878.

28 14.9 28 4.9
July 30 190. 4 30 16.3 30 5.1
Aug. 1 2002 | 1 5.8
1879.
27 5.8
29 17.5 29 5.1
July 1 21.0 1 17.9 1 4.6
July 3 21.2
1880.
30 9.8 30 8.4
31 8.5
June 1 17.1 1 9.7 1 8.3
June 3 17.8 8 11.4
8 11.4 8 8.6
June 10 18.5 10 11.0 10 9.1
June 12 20.2
8 14.1 8 14.0
July 10 25.4 10 14.7 10 13.0
July 12 25.5 12 15.1
1881.
14.2
Mar. 18 21.7 15.4
Mar. 20 22.3
13 171.7 13 13.2
Apr. 15 27.6 15 18.0 15 13.2
Apr. 17| 2.8l ) .. ... 241 17.4
2 22.3 2 13.9
3 232.8
May 4 33.2 4 22,6 4 12.7
May 6 33.6
17 14.8
22 13.5 22 12.6
May 24 24.6 24 14.6 24 11.%7
May 26 25.0
17 15.1 17 11.7
18 16.0
June 19 23.8 19 15.8 19 11.2
June 21 5% T A S 21 12.5
30 15.3 30 12.0
1 15.9
July 2 24.0 2 15.4 2 11.1
July 4| 248 ,
S N P |
Y18 127 18 15.6
July 20 221 2 12.4 20 14.4
July 22 224
b 11.8 22 17.8
Oct, 24 R R ) 240 1.9
Oct. 261 25,2 .7 . 201 188
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Boonville.

Keokuk.

St. Louis.
Date. Stage.
1881.
Nov. 18 26.7
Nov. 20 29.5
1882.
Feh, 20 18.2
Feb, 22 28,2
Feh., 24 25.6
Mar, 10} 180
Mar. 12 2001
Apr. 20 . 246
May | 24,8
June 1 27.8
June 3 28.1
July 3 31.8%
July 5 32,24
1883. |
Feb. 16| 20,0,
Feb. 18 25.8
Feb. 23 245 1
Feb, 25 26.2
Apr. 21 7.8
Apr. 23 2005
May 21 2G.0
May 23 26,5
June 24 344
June 26 348
1884.
Apr. 7 26. 9
Apr. 9] 281
May 5 23.6
May 7 25.2

; Date.

16
IR
19

b
20
%)

——

H
16

16
21
23

19
21

19
21

Stage. | Date.| Stage.
01 16 14,8
0.7 I8 14.6
0.4
o 18 4.6
0,2 20 1.8
8.7 22 5.3
.3 8 7.1
9.1 10 7.6
12.4 24 15.8
12,2 20 15.6
1.8 29 14.8
1
12.9 30 13.9
13.4
13.2 1 14.5
19.1 30 15.0
20.1 1 14.8
19.9 3 4.2
9.4
14.7
14.7
11.8
10.7
10.9 19 8.2
2.6 21 8.2

18 15.2

________ 19 4.8

........ 21 13.7
203 21 13.2
22,65 22 12,9
2201 24 1.3

1 16.0
13.3 ) 14.8
4.7 7 4.1
15,4
11.7 3 10.0
12,7 b 9.8
12.8 8 10. 4

WAR 91—VOL Tv——11

161
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St. Louis. Boonville. Kcokuk.

Date. Stage. | Date. | Stage. | Date.| Stage.

1884.

. 8 11.9 8 7.6
June 10 20.6 10 13.0 10 9
June 12 21,7 12 13.7

23 14.9 RX 6.8
June 25 21.2 25 15.1 25 7.1
June 27 216

14 12, 14 5.2
July 16 19.0 16 13.5 16 5.0
July 18 20.9

28 0.2 28 9.6
Scpt. 30 20.5 30 10. 2 30 10. 3
Oct. 2 22,2

9 13.3

10 7.8 10 13.1
Oct. 12 20.1 12 8.1 12 13.1
QOct. 14 20. 4

1885.

6 16.9

12 11.5 12
Mar, 14 21.8 14 9.8 14 11.3
Mar. 16 RENS

20 13.2 26 11.2

30 13.4 29 10. 6
May 1 25,2 1 13.5 1 10.1
May 3 26,1

27 10,9 27 7.1
May 29 18.5 29 11.8 29 7.0
May .31 20.2

3 14.5 13 12.3
June 15 2401 IH 16.1 15 €05
June 17 201 22 18.0 ‘

10 7.2
13 13.6 13 6.4
July 15 20.0 15 13. 15 6.0

July 17| 20.6

11 10.5 11 6.5
Sept. 13 19.4 13 9.9 13 7.1
Sept. 15 2.2 17 8.4

1886.

9 7.4
Feb. 11 20,6 11 7.6
Ireb, 13 23.2

26 13.5 26 12.9
Mar. 28 22,6 18 13.1 28 13.5
Mar. 30 23,2 ...l 31 14.3

Bl
—
-1
—
=
A=l

11.¢ L€
Apr. 19 22 6 19 12.4 19 11.:
Apr. 2L 23.7 20 12.8

<
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S1. Louis. i Boonville. ] Keokuk.
Date. Stage. llﬁ)ate. Stagre. ' Date. | Stage.
1856.

G 16.0
9 i1.3 0 14.3
May 11 24,9 11 1.7 11 14.0
May 13 27.0 13 12,7
25 12.1 25 3.9
June 27 16.2 27 13.1 27 4.1
June 29 20,0 24 13.6 24 4.4
1887,
15 10.9 b} 10.2
Mar. 17 18. 8 17 12,7 16 10. 4
Mar. 1Y 2001 |eeea oot 17 10. 2
30 15.2 30 5.8
Apr. 1 20. 4 1 16,0 1 0.5
1 Apr. 3 20,6
1888.
2 13.2 24 9.0
Mar. 26 23,2 20 15.9 26 10.0
Mar. 23 25.6 27 16.6 27 10.5
. 11 4.4 11 0.8
Apr. 13 223 13 15.6 13 11.2
Apr. 15 2 T PR B 15 11.9
16 15,6 16 19.6
20 13.1 20 18,9
May 22 27,6 22 12.6 22 18,5
May 24 28.0
Rit) 17.0
31 16,4 31 15. 8
June 2 2R 8 2 17. ¢ 2 14.6
Junc 4 20,44 3 17.9
29 17.0 27 9.8
Juno 29 26.6 2) 18.5 29 9,2
July 1 7.2
7 16.5 7 9.2
July .9 24.0. 9 16.3 9 10. 1
July 11 25.5
1889,
28 10,7 28 5.6
May 30 21,8 30 14.5 30 5.6
June 1 246 31 15.2
1890.
23 12.2
26 11.0 206 12.0
June 28| 10.7 25’ T owlo17g
June 30 27 0 S PR A 30 12.6
1891.
9 6.4 9 10.4
Apr. 11 18.4 11 | st 1 10.3
Apr. 13 20,0 | ,
1T 217 10.2
IS 143 18] 10.3
Apr. 19 224 1y, M1 19| 10.3
Apr. 210 225 !
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St.Louis. | Boonville Keokuk.
Date. : Stage, ‘Date. | Stage. Duto.; Stage.
. I H
1891. 1 |
| o2 s 2l 10.4
Apr. 23 2.6° 230 141 22 10.6
Apr. 25 ’ RA T S et 23 10.4
‘ ! ]

MEMPHIS, TENN.

The danger line at Mcemphis is at 33 feet.

The high water of April 4, 1890, was 35.6 feet.

The distance to Cairo is 230 miles : the difference in level of the zoros of gauges
is 86.9 feet.

The corvesponding stages at Memphis and at Cairo three days preceding are
given in table below, with other stages.

HELENA, ARK.

The dangor line at Helena, Ark., is at 37 feet. The highest water April 30:
1886, was 18.1 fect.

The distance from Helena to Cajro is 306.5 miles; the difference in level of
the zeros of the gauges is 128.4 feet.

b The corresponding stages at Helena and at Cairo four days before are give?
clow.

A great deal of water is added to the Mississippi just above Helena by the st
Francis. When tho stages at Cairo are high, above 45 fect, the St. Franeis bot-
toms become flooded. The water runs into the bottoms at a 36-foot stago on the
Helena gauge and at 29 feet on the Memphis gauge.  This water comes into the
bottoms all the way from Cape Girardeau down ; it all returns to the Mississipp!
River through the St. Franeis River.

The drainage arca of the St Franeis River is about 9,700 square miles.

The filling of the bottoms exercises a retarding influence on th~ time of oceuly
rence of wave crests ab Helena.  For stages of the river at Cairo greater than 49
feet the average time of crest at Helena after the occurrence of a crest at Calro
is fourteen days, sometimes s short s nine days, and soinctimes as long as twenty~
four days. .

In the average of cases there is a rise of 2 feet at. Helena after the time of 2
crest at Cairo when the greatest stage at Cairo is 45 fect; when the Cairo stag®
is 50 the subscguent risc at Helena is on the average 3.5 feet.

ARKANSAS CITY, ARK.

The dangerline at Arkansas City is at42 fecet. The highest water, 47.10 feel:
“occurred February 27, 1882,

The distance from Arkansas City to Cairo is 438.3 miles: the difforence in the
level of the zeros of gauges is 1744 feet.

The corresponding stages of water at Arkansas City and at Cairo five day®
previous are given below.

The principal tributaries coming into the Mississippi between Cairvo and Ar”
kansas City arc the Arkansas River, the White River, and the St. Francis.

GREENVILLIE, MISS.

The highest water at Greenville, 41.68 fect, oceurred February 27, 1882.

The distance [rom Greenville to Caivo is 478.5 miles; the difference inlevel of
the zeros of the gauges is 182.8 feet.

The corresponding river stages at Greenville and at Cairo six days prcviouS
arc given below.
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VICKSBURG, MISS. .

The danger line at Vicksburg is at 41 feet.  The highest water, that of 1862,
was 51.7 fect.

The distance from Vieksburg to Cairo is 599.3 miles: the difference in level
of the zeros of the gauges is 2248 feet.

The corresponding stuges at Vicksburg and at Cairo seven days previous are
glven helow.

The principal tributaries coming into the Mississippi River between Cairo
and Vieksburg are the Arkansas, draining 185,670 square miles, and the White,
dl‘a,ining‘ 27 500; the Yazoo, draining 13,850 square miles, and the St. Francis,

raining 9,700 square miles.

Memphis, | Helenu, Arvk., KTPEIToE ! Greenville, | Vicksburg,
Cairo. 1.111'eclda_ys four days “\\’(k(;z:r u(rtl(}i\' ' osix days | seven days
after. after. o ’ , after, after.
|
) R I 10.7 |
13 .. 12. 4
) U S D 13.8
15 et 15. 4
16 .. 16.7
17 11.4 18.3
18 12.3 19. 6
19 13.1 20, 4
20 14.1 21.0 23.0
21 14.9 21.7 23.7 18.8
22 15.7 22 4 248 20,3 :
¢ 16.5 23.2 25,7 21. 4 21,7
24 7.4 245 26,7 22.8 23.4
25 18.3 25.% Refin 24,2 25.4
26 10.0 26,9 28, G 25.4 | 27.2
27 19.9 28.2 20, 6 26,7 29.3
28 20. 8 29.3 30,4 28.0 30.6
29 321,17 30.5 315 29.0 3.5
30 22,5 31,5 32,5 20,7 32. 4
31 23.3 32,4 30.4 33.3
32 24.0 33.4 3.3 344
33 25.0 34,4 32.3 35.3
34 25.7 35.3 33.3 36.3
35 26,7 36.2 342 37.3
36 27.6 31 38,0 35.3 38.2
37 28, 4 38,0 30,2 36.3 30.1
38 29.2 38,8 40, 2 37.3 40.0
39 30.0 30,6 40. 8 38.3 40.7
40 30.7 40. 4 41.5 38.7 41.5
41 3.4 1.1 42.2 39. 4 42. 4
42 32,1 41,7 42,7 40,0 43. 3
43 32,6 42,1 43.4 40.1 44,2
44 330 42.4 43.8 40.2 44. 4
45 33.4 42.6 44.3 40. ¢ 45.0
46 33.17 42.8 [ 4.7 40.4 46. ¢
47 33.9 4310 45,2 40.5 47.0
48 34.1 43.3 45.7 40.6 47.7
49 3.3 43,7 46,2 0.7 48.3
50 34.4 44.0 46. 6 40. 8 48.6
51 34.5 T TR S 40. 9 48.8
iy 34.6 L 41.0 49.0
|
U — y— —
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The best method of finding a coming stage of water at Vicksburg is by meand
of the rise in the Ohio at Caivo and the rise in the Avkansas at Little Rock.

When the river hag been rising for seven days at Cairo and has reached 8
crest, the rise in the next seven days at Vicksburg will he equal to the seven:
day rise preceding at Cairo multiplicd by the mean of stage at Cairo on day ©
crest: and seven days before, plus one-third of the five-diy rise at Little R()(:lf
{(or minus in case of a full) multiplied by the meuan stage of water at Little RocK
on the day of the Cairo crest and five days before: the sum divided by the
Vicksburg stage on the day of the erest and multiplied by a factor as follows
dependent on the Vicksburg stage:

T
Vickshurg stage et || Vieksbury staee, e
day of Cairo ercst, | Factor. “ day of Cairo crest. Factor
23 0. 800 r 35 0. 460
24 0.777 I '
25 0.765 ¢ 30 0. 420
I 37 0. 370
26 0.%52 38 0. 330
27 0. 738 | : 30 0. 294
28 0,726 | 10 0. 252
249 0.714 i
30 0. 690 | 41 0.210
42 0. 1570
31 0. 650 || 43 0. 130
32 0.612 | 14 0. 090
33 0. H60 ’ 45 0. 090
34 0.510 r ’
|

In the following table the prineipal riscs at Vickshurg since 1872 are showi
and the riscs as computed by the first rule and the differenees between the ob-
scrved and computed.

The second part of table contains the rises computed by the same rule, taking
the day of a erest at Little Rock as the starting point. In these cases the rule
strictly considered docs not apply in all of the cases hecause there is often a fal
ingtead of a rise preceding at Cairo.  None of the rises in the second part were
used in deriving the rule, so that tho closo agreement of the computed and ob-
served rises is a tolerably satisfuctory check on the nsefulness of the rule in com-
puting the stages.

OBSERVED AND COMPUTED RISES AT VICKSRURG, I'ROM THE IRIVER STAGES
AT CAIRO AND LITTLE ROCK.

VICKSBURG.—PART L.

Date. |OPbserved ' Rise in Additional rise to Il Computed | Residuals
o stage.  iseven days. crest. i rise. Com.-Obs-
an |
1872, . ) |
Apr. 19 36.0 280 0.7Tin6 days..._.. 2.1 —0.7
1873,
Feb. 26 36,7 214 0.9in6 days._.... ; 17 —0.4 |
Apr. 12 36,0 200 | 3.0 0.1
May 17 30.3 0.7 1 0.64in 6 days______ 1.4 0.7,
Dec. 18 30. 3 4.8 0.4inddays..o... I 4.3 —0.0
1874, .
Jan. 17 21.3 0.9 ’ 0.4 in 2 days. ... ‘ 12,1 2.2
Feb, 8 315 410 0.2intday. ... | 4.0 —0.1
1875, | |
Jan. & 19.6 R ' 6.5 1.0
May 7 40. 4 0.6 0 . i 2.1 1.9
Dec. 2 18.0 7 ‘ _____________________ | 8.0 1.0
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OBSERVED AND COMPUTED RISES AT VICKSBURG, ETC.—Continued.

VICKSBURG—PART I—Continued.

Date Obscrved| Risein | Additional rise to | Computed Residuals
: stage. |sevendays. crest. rise. Com.-Obs.
1876.
Jan. 8 311 5.1 0.2in 2days..---- 1.8 —0.3
May 14 44.8 —0.2 | e 0.6 0.8
June 19 386 0.0] 0.1inlday....--- 1.5 1.5
1871,
Jan. 28 29.4 (> 6.5] 0.41in 2days.....- 5.2 —1.3
Dec. 4 21.7 4.8
1878.
Jan., 4 27.% 70 2 PO 4.1 —1.2
Feb. 5 30.4 B T 3.5 0.3
Mar. 17 40,2 L T 1.0 0.2
Apr. 29 36.7 B 20 I T, 3.7 0.1
1879.
Jan. 26 32,1 L7 2 A 0.1
Dee. 17 21.9 8.1{ 0.4in2days..---. 0.4 1.3
1880.
Jan, 2 3T K O T, 0.4 0.9
Febh, 24 36.0 H 32 T 4.3 1.1
July 9 28,5 5.4 0.4in3days..-..-- 6.1 0.7
1881, ’
Jan. 28 25.2 o8 e e 8.3 0.5
Mar. 25 40.6 0.61 0.1in 3 days...--- 1.4 0.8
Apr. 20 40. 9 N 1.0 0.8
June 22 26.0 5.2 0.31in 2days...... 6.0 0.8
1882,
Feb. 26 44.5 0.1 e 0.6 0.5
1883,
Jan, 30 22,6 841 2.9in7 days...--- 10.6 2.2
Peb, 21 42,0 0.6 0.5in8 days_ ... 0.2 —0.4
Nov. 30 23.2 6.3 0.2inlday.._.... 6.1 —0.2
1884. :
Jan. 3 28.7 7.3¢ 0.2inlday.....-. 8.3 1.0
Feb. 15 40.7 3.1 () 2,1 —1.0
Feb. 22 43.8 1.1 (?) 0.2 —0.9
Mar, 23 48,0 0 O 0.5 0.4
Mar. 30 48.3 S O . 0.2 1.7
1885.
Apr. 14 30.2 3.8 1.4in7 Qays...--- 3.8 0.0
Apr. 28 35. 4 4.61 0.9inbdnys. ... 4.3 —0.3
Nov. 14 15.1 7.841 0.3inlday....... 8.7 0.9
Dee. 22 13.5 6.5 0.1lint day....._. 9.0 2.5
1886. ’
Apr. 19 41.2 1.6 | 1.4in 1l days..... 0.5 —1.1
May 17 42,9 — 06 | . 1.1 1.7
Nov. 30 8.5 1.8 1 0.29n1day_ ... (%)
Dee. 27 7.1 0.8 0.5in2days. ... (?)
1887.
Mar. 9 43.2 0.8 0.7in 10 duys.. ... 0.3 —0.5
May 2 29,9 6.5 1.8in 6 days. ... 7.4 0.9
1588, '
Feb. 28 93,4 571 0.5in4 days. ... 4.8 —0.9
Apr. 3 35.6 R I 5.2 1.0
Sept. 1 19.0 5910 0.03in 1 duy. .- 5.5 —0.4
Nov. 4 11.0 Tob |eemeamcee D 0.6 2.0
Nov. 17 21.3 7.6 10.2 2.0
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OBSERVED AND COMPUTED RISES AT VICKSBURG, ETC.—Continued.
’

VICKSBURG—PART I—Continued.

Date Observ(:di Rise in ’ Additional rise to | Computed | Residuals
€ stage.  Iseven days. ’ crest. rise. Com.-Obs.
1589. { , ’ ]
Jan. 22 29.5 B 2.7 —1.6
Feh, 26 22,6 0.2 1 1.Sin6 days...__. 13.0 3.8
Mar. 26 239 4.0 ’ 0.4 in2days_____. 4.0 0.0
June 24 20,8 | 437 0.3in2days...... 5.7 1.4
1890. ! |
Jan. 20 4.3 T 5.4 0.1
Feb, 17 40,2 ’ 006 ... 0.3 —-—0:13
Mar. 12 47,4 0.6 ) 0.2 —0.
Apr. 3 6.6 ! 0.9, L6inl5days..... 0.2 —0.7
May 29 2.0 — 1.2 ‘ ____________________ 0.5 1.7
1891.
Mar, 4 44.4 J L9 L.5in 10 days. .. _. 0.2 —1.7
Apr. 61 48.0 — 0.2 o e 02 0.4
Apr. 23 47.3 0.1
' | R R :
VICKSBURG—PART 11
T e e
1872, i
May 20 25,0 | 6.2 ! 1.6 in 5 days --... . 1.5 —1.7
Muy b2 a0 | 0.8 1 1.8
May 22 39,8 | T —1.0 —1.
Dec. 13 22,8 | 95| 3.2 in s days (.. 8.6 —0.9
1874, :
Febh, 26 32.6 6.2 ] LY in7Tdays ... 8.2 2.0
1875, !
May 5 0.5 ! 0.3 ! 0.2 in2days ... .. 2.6 2.3
Aug. 5 39.2 | O 0.6 ind days ... 2.0 1.0
1876, .
Jan. 31 38,7 | 171 1.0 in 7 days ... 2.4 0.7
Mar. 28 4.2 L2 0.8in7days ..... 1.4 0.2
Apr. 5 2.5, 0.8 1 0.5 in3days ..... 0.4 —0.4
1877. i
May 24 st —es —0.2 0.1
June 11 372 22| 0/87in T days 1oLl 2.0 —0.2
1878. :
Feb, 25 354 2.8 | 1.6 in 7 days ... 1.6 —1.2
Apr. 27 34.8 501 Loin6days ..._. 0.6 0.6
May 28 7.8 L2 0.6 inlday ...... 1Y 0.7
18852, :
Feb. 25 44.4 O 0.7 0.5
May 12 41,7 i — 0.2 1.4 1.6
1883.
Feb. 19 38.8 3.0 | ____________________ 0.8 2.2
May 21 38.0 0.27 0.7 in 7 days ... 2,0 1.8
June 6 3R, 8 002 .. 0.3 0.1
June 14 39.0 3 i 0.4 inddays ..... 1.6 1.3
1884. )
Feh, 11 36,7 5.8 L8 inTdays -.... 6.0 0.2
1885. !
Jan., 1 17.2 17.0
May 23 33,8 — b .. —0.7 3.7
July 10 130, 8 - —0.5 2.4
1889. i
Jan. 20 27.2 6.2 0.4 in2days ... 5.3 —0.9
Mar. 28 25,6 e e 4.4 —0.3
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OBSERVED AND COMPUTED RISES AT VICKSBURG, ETC.—Continued.

VICKSBURG—PART 1I—Continued.

| T

Date Observed| Rise in Additional rise to | Computed ' Residuals
: stage. |scvendays. erest. i rise. ! Com.-Obs.

1890.
Mar. 14 47.8 —~ 0.0 i ceiceeaas 0.2 0.9
Apr. 19 48.6 0.4 [ ... —0.6 —1.0
Apr. 30 48,7 — 0.9 |- 0.3 1.2
Nov. 21 17.6 8. 0.9 in 2 days ..... 7.6 —0.56
Dee. 30 10.7 9.0 10.0 in 7T Aays ..... .8 0.8

1891.
Jan. 13 29.7 B3¢ N 3.0 —0.9
FFeb. 4 29.0 7.6 3.6 in7days ._._. T4 —0.2
Feb. 27 43.0 1. 2.0 in T days ... 0.4 —I1.4
Apr. 3 48.1 S B R 0.1 0.2

Another rule used for Vicksburg, but not a8 good as that given ahove is, that the
rise in seven days at Vicksburg after a crest at Cairo is equal to the preceding
seven-day rise at Cairo multiplied by 1.02 plus the five-day rise at Little Rock
preceding the Cairo crest, multiplied by 0.37, the whole multiplied by a factor
equal to 1,000 divided by 1,000 plus the square of the Vicksburg stage on day of
Cairo crest. :

With a high stage of water at Vicksburg, when the river at Cairo is falling,
it is counterbalanced by a rise in the Arvkansas and White rivers. April 16 to
23, 1891, the river at Cairo fell from 427 to 37.2: April 23 to 30 the river at
Vicksburg rose from 47.3 to 47.4; at Little Rock the river rose April 18 to 23
from 9.5 to 20.9; at Newport the 'White River rose April 17 to 24 from 12,1 to
21.5. The changes multiplied by stages show the relation between those at
Cairo and the sumn of those at Little Rock and Newport when the river remains
constant at Vicksburg to be as 240 to 303.

In the above instance the stage at Helena was falling and on day of Vicksburg
crest was 40.6, having fallen from 44.7, the highest.

The most important rises st Vicksburg and the preceding stages at Cairo,
Little Rock, and Newport, or Jacksonport on the White River are given below.

Vicksburg. Cairo. Little Rock. iJa(‘.ksonport.
t . 7
Date. |Stage Duw.lSmge Date.| Stage. 'Dme.i Stage.
1872. ’
121 33.6 4 122 12 10.5
i 3] 10.2
Apr. 19 36.0 19 | 39.2 19 7.8 19 10.2
Apr. 26 | 38.8
May 2139.5
1873.
20 25.4
19 | 36.9 21 10.7 21 R
Feb. 26 ) 36.7 265 ;41,6 26 Th 26 17
Mar. 5 JS.8
Mar. 11 | 39.7
51035.% 7 4.7 6 4.2
11 205
Apr. 12| 36.0 12 | 40.6 12 22,6 12 29,9
Apr. 19 1 38.9 1. .. [ S I 13i 30.0
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Vickshurg.

Cairo.

Dute. | St.ugcl Date.
,—
1873,
10
May 17| 39.3 17
May 24 |40.0 [...._.
May 30 | 40.6
11
Dee. 18 | 30,3 18
Dec. 25| 35.1
Dee. 28 | 35,5
1874.
I10
Jan., 17| 21.3 5 17
Jan. 24| 312
Jan. 206 | 31.6
26
Feb. 2. 31.5 2
Feb., 9| 35.6
Feb. 10| 35.8
1875.
1
Jan. 8] 19.6 8
Jan. 15 25,1
i
; 1
May 71404 N
May I4 [41.01
l 25
"
Dee. 21 18.0 2
Dec. 9] 25.0
1876.
1
Jan., 8| 33.1 8
Jan. 15 { 38.2
Jan. 17| 38.5
) 7
May 14| 4L S8 4
May 21 | 44.%
12
June 19 | 38.6 19
June 26 | 38.6
June 27 | 387
1877,
21
Jan. 28 29.4 28
Febh., 41 35.9
Teb. G| 36.3

26

33,8

17.
31

Wi
g

15,

PN B4

[ |

]

24.6

28,
L 31,6

30.
37,

Stage: Dat

Little Rock. | Jacksonport.

-1t

28

14
19
20

23

28

C.

AV
Lo =1t

Stage. ‘Dulc.i Stage.

(&

L

13.7
4.

a3

-S>

=

—
-7 —

£ ~3to

4

13
19

20.
20,
10.

23,
20.

11.
11.

G.

9.
20.

26.

o

)

26, ¢

we
[ S e

&

5
0

5

toxH~

[l 84

LOLe

[aplie Aol

«®w
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Vicksburg.

Cairo. ‘ Little Rock.

Date. [ Stage Date.
1877
271 16.3
Dee. 4| 21L7% 4236
Dec. 11 | 26.5
1878.
28 | 19.9
Jan. 427 4 27.0
Jan. 11 | 33.0
29 | 21,8
e, 5§ 30.4 5|28
Feb. 12 33.6
10 | 30.5
Mar. 17 | 40.2 171357
Mar. 24 ] 41.0
221 26.5
Apr. 291 36.7 29 | 37.0
May 6 40.3
1879.
19 1 26.5
Jan. 261 32.1 26 | 36.0
Ifeb. 2| 37.4
1879.
107 20,0
Dee. 171219 17 1 30,0
Dee. 24 | 30.0
Dee, 26 | 30.4
1880.
261 28,6
Jan. 2 3L7 D2
Jan. 91 36.2
17 | 35,7
Feb, 24 | 36.0 24 | 43.4
Mar, 21390.2
25259
July 0285 9t
July 16| 33,9
July 19 | 34.3
51181
Dee. 12 12 | 315
1881,
21 22,3
Jan., 28 | 25.2 28 | 32.6
IFob. 4] 33.0
18 | 32.6
Mar. 25 | 40.6 251 39.6
Apr. 1 [41.2
Apr. 6] 413
14 1 41.0
Apr. 201 40.9 20 | 45,8
Apr, 27 [ 411

e

=gt SN

29

— s
PN i &

[
te—

23
28

20
25

15
16
20

Stug‘uz Date. I Stage.
- L

Jacksonport.

Date. | stage.

12
9
.2

.8

12,
21,
19,

O,
A

16.

e

3.

PRSI

[ N I §

0

R

)

-3 Trls

[T i)

pa

D o

f 2l

3
5

3

18
19

20
20

S =1

[o e o}

et

bt O = T

o<

[ oA -] Lo —

Y]

M

I

<

[ 2]

o o
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June 22
June 29
1882,

Feb. 26
Mar. 5

1383.
Jan. 30
Febh, 6
Feb, 14
Feb., 27
Mar., 6
Mar, 14

Nov. 30

Dec. 7
Dece. 8
1884,
Jan. ¢
Jan. 10
Jan. 11

. | Feb. 15
Feb, 2t

Feb., 22
Febh, 29

Mar. 23
Mar. 30

1885.

Apr. 14
Apr. 21

Apr. 28
May 5
May 10

Vicksburg.

Mar. 25 : ¢
48,2

Mar., 30 i
Apr. 6

Date. |Stage
1881.

26.0
31,2

i
bl
T

22.6

34.6

42,
42,
3.

——

)
o

20,

29,

IS

36.
30.

o -1

40).
43.

48.0
49. 0

48,
46,

30. 2
34.0

35. 4
40.0
40. 9

UG -1

xie

Cairo.
Date
e

ERIREN
221 30.8
19 | 45.8
26 51,9
23 1189
30 . 30.7
20 7 51,
ra i
231 20,7
30| 28,1
27 1940
3 | 35.3

I

i
8 | 42.3
15 1 49,0

!
15 | 49.0
22518
16 | 41.1
23 [ 47.2
23 | 47,9
30 | 48.6
71248
14 | 31.5
21 | 31.0
28 1 38,2

tug'cl Date.

1o W=

| Little Rock.

Il Jacksonport.

22

27

25

30 !

29

10
15

b —
I ~1

18

RN

Py

25

30

——
- e

sl

[e ARSLEAY

et

Stage. | Date.| Stage.
4.7 16 8.7
18 0.0
4.5 22 8.6
22,0 20 28.5
25.7 23 30.9
247 25 28.5
5.8 24 5.2
11.0 30 8.0
11.4
19 32.0
23.9 21 30.6
25.1 20 26,9
24 25.4
11.7 25 27,0
10.5 30 2.0
28 10.0
7.8 1 0.2
7.6 3 8.7
19.6 9 22,0
30.6 15 32.8
5 32.8
2007 6 31.5
22.3 22 29,2
15 18.0
10.2 17 16.0
9.5 23 11.6
10.2 24 10.8
13.0 30 15.4
31 15.9
16.4 8 13.9
16.7 Y 14. 4
2.9 14 9.8
10.6 22 6.5
27.5
28.6 28 25.6
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Vicksburg. | Cuairo. : Att]o Roce k i Newport.
e e i — e e He S
Date. !Stago Ddtc ibmooll)ato | Stage. !l) | ¢ ae.
1885.
AR IX 9 ‘ 5.8 K 2.4
. ! ] 2.7
Nov. 14 | 15.1 14,2651 1 A% 1 2.5
Nov. 21 | 22,0 ; :
Nov. 2| 23.2 ! :
! i ‘
S10T6. 1T 6l 6] 2o
Dee. 221 1.5 22268 220 4H| 2 2.0
Dec. 297 20,0 - | i :
Dee. 30 0 2001 ! i I i
1886. ; :
sl 1 | SR S [ 9
Apr. 10 [ 402 10 |ALO 19l 160 19 20.6
Apr. 261 42,8
May 7|42
| | 12 .20 1] 2
: 10 l 20941 16 9.0 121 240
May 17| 42,9 17 ba8 ] % 9021 17 17.4
May 241 42,3 ; | | ;
| ! ! |
RS S - IRV T R O B W
Nov. 30| 8.5 30 28.8{ 30 6.2 0. 2T
Dee. 7| 20.3 | ‘
Dec. 81205 .
1887, | i |
: 20 i 03] 2. as| 2| s
Dee. 27 7.1 a7 lory ]l o211 44| 2.7
Jan. 31 16.9 : 3 a6l R 30
Jan, 51174 | |
| 2 g0l 4 eo| 3| 103
Mar. 91 43.2 [TIPER TOR  T, R 9 19. 8
Mar. 16 V440 0. [ S S 10 20. 2
Mar. 26 ! 44,7 |
R R S B 455 26 3.5
May 21209, 2130.4] 2 5.9 2 3.7
May 908684 .. Lo ! 6 17.6 8 24.5
May 151382 |
1848, .
21t o%6 | 23 5.8 22 3.5
27 5.2
Web, 28 f om0 | 28 12n0) 28 6.4 98 5.0
Mar. 7201 1., b 0] 128
Mar. 11 | 20.6 [
2 a2 2 b4 281 180
1 291 18.6
Apr. 3356 3] 45.2 20 3| 15.8
Apr. 10 39,8 i
] %1820 2 46l 2] 2
Sept. 1:10.0 12401 i .00 1] 12e
Sept. 81209 oo 30 .0 30 180
Sept. 9 20
o8 | 15.4| 30 3.4 29 1.9
Nov. 4| 11.0 4224 + 3.4 4 1.5
Nov. 11 | 18.6

173
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Vicksburg. Cairo. Little Rock. Ncwport.
Date. !Stu;:;c Date. | Stage Date. | Stage. | Date. | Stage.
1888,

11 14.0
101 20,9 12 6.3 14 17.0
Nov. 171 21.3 17 ] 31.2 17 8.0 17 2.2
Nov, 24 28,9 (.o |...... 21 9.7
1889.
17 21.0 16 16.7
151 26.1 19 23.0 19 22.7
Jan. 221295 231 30.6 22 19.9 22 22,0
Jan. 29 | 33.8 )
20 9.5
19 | 1R. 4 21 8.6 22 11.0
Feh, 261226 261 32.8 26 8.6 26 9.2
Mar. 5 3L8 o ... 5 20.8
Mar. 11§ 33.6 |
19 ] 21.5 21 10.9 20 . I4.6
Mar. 26 | 25.0 26 125,38 26 20. % 260 22,4
Apr. 212909 oo l.___. 23 23,0 270 23,0
Apr. b 30.3 \
17 [ 2704 oo 18 4.1
19 120 221 5.7
June 2472908 24 | 345 24 17.2 24 5.4
duly ¥ [ 3T ool 25 17.6 i
July 3304 |
1890, i
] 1003 11
13 ] 344 18 17.3 14|
Jan. 20 [ 34.3 20 ) 43.7 20 4.7 20
Jan. 27 39.6 ;
51 218
' 10| 36.9 12 15.9 11 26.6
Ieh, 17 1 45.2 17 | 41.8 17 15.2 17, 23.0
Ifeb. 24 | 4508 oo oo 18 15.3
5146.0 7 13.2 6 24. 4
Mar. 12 [ 47.4 12 ] 48.8 12 16.1 12 24.4
Mar. 15 (48,0 {oo oo femn... 14 22,3 14 33.0
Mar. 19 | 47.4
27 ] 46.8 20 14.8 28 26.2
Apr. 3 146.6 3 48.7 3 15.1 3 24.6
Apr. 10 ;1 47.5 |l .. 6 20. 6 6 30.1
Apr. 25 | 49.1
221 20.5 24 13.2 23 19.4
25 13.7
May 20| 42.0 201 34.0 29 9.6 29 16.4
June 6 | 40.8 || ___ ... l.__.__. 6 18.0
1891.
25 43 26 20.8
27 14.5 27 20.5
Mar. 4| 44.4 4] 46.2 4 10. 4 4 17.4
Mar. 11 | 46.3
Mar. 21 | 47.8
Apr. 21481
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Vicksburg. Cairo. Little Rock. Newport.
Date. \Stugc Date. ! Stage Dutc.l Stage. | Date. | Stage.
1
1901 ' ! | '
! 30 1 41.9 17 12,9 3 | 13.9
| 3162 '
Apr. 6480 6 ’ 4.8 6 12.6 6 | 12,4

Apr. 13 1 47.8

The lollowing stages are arranged with reference to tho crests at Little Rock.

Vickshurg. Cairo. Little Rock. | Jacksonport.

Date. [Stage Dutc.%Stu,r_rc ])'.nc.i Stage. | Date.| Stage.

1872,
13115.3 15 18.8 14 9.9
May 20| 25.0 201 20.6 20 26.0 20 16. 8
May 27 | 302 oo 23 21,7
1873,
a9 20.5
May 15 39.2 15 ] 37,7 17 8.5 16 17.1
May 22| 39.8 92 1 32,0 22 18.0 2149

May 29 | 40.6

Dee. 61301 6|12 sl o AIRERE
Do, 13 [228 ] w27 | o wel | 2
Dee, 20 (323 | T ] s
1874,
Feb. 10| a0.s| wolenol 2] 64| 20| 105
%1 268
Tfeh. 26 | 32,6 26 ] 39.8 26 20,0 206 26,7
Mar. 5| 38.8
1875,
Apr. 281425 1 o8 l2a| so| o 200 10.0
Muy 5 |40.5| 5|61} 5| 20| 5| 205
May 12 |08 DT 61 368
i
July 20 13821 2904000 at] 94| 30 08
Aup. a0z Talans| 5| 2nslowloog
Aug. 12 | 40.2 5l 34
1576,
Jam, 241365 2 taez2| el 12l 2| 108
Jan. 31| 38 Aazo| 3| ow25| m| s

i
Teb. 7| 40.4

Mar. 211 30.5 21 | 39.1 23 13.5 23 26,2
Mar. 28 | 41.2 258 1 44.2 28 225 28 28,0
Apr. 4} 42.4 29 28,2
Mar. 20 | 41. 4 29 | 44.7 3 18. 4 30 2.6
Apr. 5[ 42,5 3 46,2 5 2301 | 3.3
Apr. 12| B3 oo I |

1877. ' |

May "17 4.5 17 ] 332 I 20| 20.6
May 24410 24307 2 Mmoo 24 1.4
May 31 | 40.8 ;

June 4 40.2 P 2201 61116 o 7.5
June 11 0an2 10263 11 26.% 11 25.0
June 18 | 30.4 | ool 13 26.4
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Vicksbhurg. Cairo. l Little Rozk. | Jacksonport.
Date. Stage’Date. Stage: Date.! Stage. Date.i Stage.

i 1 i
1878,
Feb. 181 33.1 18202 20 9.0
Feb. 25 | 354 | 25 312 25| 212
Marv, l 38,2 | I
Apr. 2003008 ¢ 201220 221 0.7
Apr. 2T 1388 2013571 271 206
May 4] 30.8 | {
May 21 {30.7 | 21 ' 2671 2 R
May 28 37.8 | 28315 28 243
June 4| 39.0 L .... 12 15.2
1882, | : !
Feb. 18] 44,1 1IS145.65 2001 20,90 19| 287
Feb. 253 444 | 23 i5081 251 25071 250 301
Mar. 4| 44.6 i
May 6 42,0 hrant T 2 60 60
; , ol 3L2
May 12 {4L71 121 30.1 124 2070 12| 310
May 19| 41.5
1883,
! | 9 7.6
Feb, 121 33.1 12 4.0 M 15 13 007
Feb. 19| 38.8; 19 45,8 19 2587 19) 320
Fob, 26 | 41.8 | .
‘ _ ! 180 9.0
May 174110 1712371 19 6.5 23| 229
May 24 {3807 24 [ 30,0 24 20.0 24 22,0
May 31 | 38.2
31 15.5
May 80 | 381 | 30 [32.2, 1 12.9 20 19.8
June 6388 63200 6| 230 6] 17.6
June 13 | 39.0. {
June 7| 38.9 T o360 10 17.9 8 16.6
June 14 139.0; 14:36.27 4| 254! 14| 229
June 21 139.8 .o L llooii| ... 15 23.0
1884,
Feb. 4. 31.1 1131.8 6 9.9 5 9.0
Feb. 11§36.7 | 111458 11] 211 1y 231
Feb. 18 1425 | | |......l .. o130 828
1885,
Dee. 25 | 159 251321 2f 841 26 3.5
Jan. 1 |17.2 1 26.5 26. 0 1] 30.8
Jan. 8 | 342 | .| . ... [ RA 30.9
May 16 :30.6 | 16,2561 18| 12.3 7 6.3
May 23 33.8) 2321 2 2w X 5.5
May 301 29.4
4 6.8
July 381336 312500 50 1309 71 151
Juy 10308 10!3050 0| 20| 10]. 120
July 17279 :
|
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14
Vicksburg. Cairo. Little Rouk
Date. [Stage|Date.:Stage Dat‘. ;‘St.wc
| - i
1889. , | {
Jan. 13! 17.¢ 2.0 15 154
Jan. 202121 20(30.0| 20 230
Jun. 27 | 33.4 .
Mar. 21 | 28.6 | 201|208 | 23° 10.2
Mar. 28 | 25.6 | 28 |245| 28¢ 250
Apr. 4]30.3
1890.
Mar. 7| 46.5 T 4.2 0 11.0
Mar. 14 147.8 1 14 | 48,4 141 223
Mar. 21 ) 47,1
Apr. 12 147,81 1243900 14| 12
Apr. 10 1486 | 109|345 191 223
Apr. 26 :49.0
Apr. 23 ,48.9 1 2333 RIS 3]
Apr. 30 (48.7 | 30[368.2] 30| 243
May 7 |47.8! |
Nov. 14 |18.0° W i147] 18] 135
Nov. 21 {176~ 21" 222§ 21 19.7
Nov. 28 . 25,71 25 243 L ..ooo....
: I
! ; 24 5.8 -
Dee. 231355 23 9.3 25 6.0
Dec. 30 |10.71 30 1.1 | 30| 151
o, | oo
Jaa. 61197 6 285 &1 10
Jan. 13012970 a3 3220 @1 152
Jan. 20 ;33,6 ... U
! |
Jan. 28 3111 28 230| 30 9.3
' |
Feb. 4 2001 4iax0| 4| 140
Fob. 11 | 36.6 |
20 &1
Feb. 20 | 40.9| 20 |42.2) 220 11.3
Feb. 27 [43.0| 211451 | 271! 1.5
Mar. 6 | 4.8 | |
; : R 8.5
Mar, 27 | 47.8; 27| 4294 29 9.0
Apr. 3481 3|40 3] 16.2
Apr. 5| 48.0 i 6 44.8
Apr. 16 1476 0 16 [ 427 18 9.5
Apr. 23 0 47.3 | 23| 3T.2] 23| 209
Apr. 30 4704 o

SIGNAL OFFICER.

Dd.tC

Newport-.

14 16.6
19 22.7
20 0 227
i 0.4
270 230
28 I 23.0
8 ] 22,9
14 3.0
31 24,0
19 242
24 22.6
30 28.8
o - -
I 15.7
210 205
225 233
29 D8
30 10,8
31 ; 1.5
T 125
13 14.0
18 15.0
30 10, 8
3 17.1
4 16. 9
21 16.2
26 20.8
27 20.3
|

22 19. 4
28 16,0
3 13.1
17

o

OC = =t

1

7
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Corrosponding stages of water at Helena and at Arkansus City, Greenville and
Vicksburg, subsequently, aro as follows:

R Green- | Vieks- ! 1o Green- | Vicks-
‘f};é?{l: ville, | burg, : fz}lé"';t': villgy | burg,
Helena. (;no dzib ' two three | IIclena. ‘0;021,; lotwer | three
af”tery days af-;daysaf-; uftc;') daysal-Tdaysaf-
: ter. ter. : ter, ter.
15 13,1 joeeoaaos 12.0 a3 340 30.7 33.7
14 4.2 o.o.... 13.3 RE) 35.0 3.5 0 348
15 15.3 13.7 14.5 35 36.0 32.3 36.0
16 16.4 145 15.8 36 37.0 33.2 37.2
17 17.5 15,5 17.2 37 38,0 340 384
18 18.6G 16.6 18.3 38 SR8 34.8 39.6
19 19.7 17.5 19.3 39 40.0 35.8 40.2
20 20.7 18.5 20.1 40 41.0 36.7 40.7
21 21.8 19.5 20,7 41 42,0 317 41.3
22 23.1 20,5 21.7 42 42,8 38.6 41.8
23 24.0 R 22,7 43 43.7 39.2 42. 4
24 25.1 22.4 RENE 3 41 445 39.8 43.3
25 26.0 23.4 235.6 4 45 45.3 40.4 43.8
26 27.0 21,4 271 46 46,2 41.0 44.5
27 28,0 25.3 28, 4 47 46,7 41.5 45.2
28 29.0 26. 2 29.3 48 46.9 42.07] 45.9?
20 30.1 21.2 30. 4 49
i 31 28.2 3.3 50
31 32.2 28.9 31.8
32 3.1 29.8 32.7

For stages of 41 feet or over at Cairo the average time of Vicksburg crest after
Cairo crest is seventeen days; in one case only three days, in one case eight days
in tho highest case thirty-ono days, and ono caso twonty-nine days. The riso
after the Cairo crost ut Vicksburg is usually proportional to the time. T'he
whole riso varies in different cases from 0.3 foot 10 5.2 feet. Tho tendency 1S
for the stage of water at Vickshurg to approximate to a certain high crest, 47, 49
or 49 feet, depending on the Cuiro stage.
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BATON ROUGE, LA.

The corresponding water stages at Baton Rouge and Vicksburg threo days

efore are given below.

Tho distance hetween the places is 234.2 miles; tho difference in the level of
the zeros of the gauges is 46 feet.

Nl chineg | Buton Rouge e Baton Rouge
Vicksburg. three days uftcr.“ Vicksburg. threo duys aftor.
e Tt S
17 1.8 1.0 H 34 2.3
18 12.2 i 35 25.6 411
o

1 AT o
2 2.6 41T 36 .;().(:

i 37 R{ N
21 13.0 38 26. 7
22 13.4 ‘ 39 2.5
23 13.9 ‘ 40 24 4.1.0
2 14,4 !
25 4.8 i 41 29. 4

42 30.4

26 15,4 ‘ 43 20.9
2 16.0 K 307
28 17.0 | 45 32,6
N 18,2 [
30 19.6 1.4 [ 46 1.4

I 47 34.3
3 21.4 s 3.2 0.8
32 a3 o 19 36. 0
33 2005 P50

|

The important tributaries entoring the Mississippi between Vicksburg and
Baton Rouge are the Red tiver, draining 97,000 square miles, and the Ouachita,
draining 18,560 square miles. .
NEW ORLEANS, LA,

The danger-line at New Orleans is al [3 feet. The highest water, 17.1 fect,
Occurred in March, 1800,

The distanco from New Orloans to Vicksburg is 366.2 miles: the differonce in
evel of the zeros of the rauges is 46.8 feet.

The corresponding river siages at New Orleans and at Vieksburg four days
Previous are as follows:

|~ i . P
Fioleshupe | NeW Ovleans, o0 0 New Orleans,
Vickshurg. fourdays after. I! \.“ ksburg. | fourdaysafter,
20 6.3 I 36 1.7
il 37 12,1
21 6.6 38 12.4
22 6.8 i 39 12,7
23 6.4 R ({ 1.1
24 7.2
25 7.6 4 13.4
[ 13.6
26 7.9 it 433 4.0
27 8.3 : A4 L2
28 8.7 | 45 145
20 9.1 |
30 9.5 : 46 |8 i
i 47 15.0
31 9.9 i 48 15.3"
32 10. 3 . 44 15.7
33 10.7 | o0
34 11.1 i
30 1L.5
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The rise at New Ovleans in four days is, on the average, one-third of the pre-
ceding four-duy rise at Vicksburg.

The important tributaries coming into the Missiszippi between Vicksburg and
New Orleans arc the Red and Ouachita Rivers.

DARDANELLE, ARK.

The danger-line at Dardanelle, Ark., is at 22 fect.

The distance from Dardanelle to Fort Smith is 95 miles: the differcence in level
of the zeros of gauges is 74.3 fect.

The corresponding wave-crest water stages at Dardanelle and at Fort Smith
one day previous are as follows:

i | pardanelle | ; | Dardanclle
Fort Smith. ! one day after. ! iFort Smith. 3 g day after.
6 6.4 -L0.7 i 15 4.4 407
7 7.1 '
8 8.0 16 15.4
9 8.9 | 17 16,3
10 9.7 0.6 | 18 7.3
! | 19 18.3
I} : 10.4 4 20 19.4 4.0.0
12 11.3 ;
13 12,3 ! 2 20.4°
14 13.3 22

There are no important tributarics coming into the Arkansas between Fort
Smith and Dardeneclle. .

LITTLE ROCK, ARK.

The danger-line at Little Rock, Ark., is at 23 feet (Weather Bureau gauge)-
The high water of 1844 was 31 fect.

The distance from Little Rock to Fort Smith is 173 miles; the difference in the
level of the zeros of the gauges is 1489 feet. .

The corresponding wave-crest water stugres at Little RRock and at Fort Smith
two days before are as. follows: These crests apply to the stages as given by tho
engincer guuge, which is about 1 mile above the Weather Bureau gange and
its zero 1.22 feet lower than the zero of the Weather Bureau gauge. The slope
of river being about 0.9 foot per mile. the engineer gauge reads 0.3 foot highet
than Weather Bureau gauge.

‘e Little Roek oy oo Little Rock
Fort Smith. two days after. : Fort Smith. two dayseaftor.
I

12 145 41.2 I 21 23.8
13 15.5 ' 22 24,7
4 16,6 : 23 25.5
15 1.7 412 24 26, 4

i 25 27.3
16 18.8 '
17 20.2 I 26 28,1
18 21,0 I 27 28,7
19 22,0 i 28 29,6
20 22,8 4.0.7 24 30.3
II 30 31.0
H

.

The rise at Little Rock in four days is on the average the same as the rise at
Fort Smith in the same time,

There arc no important tributavies coming into the Arkansus betwoon Forb
Smith and Little Rock.
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In the following table arc wiven the corresponding stages at Fort Smith and
Little Rock during the principal rises since 1879,

Fort Smith. Little Rock. ” Tort Smith. Little Rock.

Date. |Stage.l Date. |Stage.

o v
| Date. Stage.| Date. |Stage.

H o
1879. 1879, I 18ss. 1883, |
Apr. 24| 4l Ape 27| 2.5 Feb. 13| 8.8 Feb. 14) 175
Apr. 25 6.2 Apr. 29 5.5 ) Feh. 15 17.0 : Feb, 16| 20.0
Apr, 21| 122 | May 1| 1004 jj Feb. 17| 2L.8 | eb. 19| 25.8
1880. 1880. || Feb. 23| 11.9] Feb. 25| 20.4
Apr. 3| 49| Apr. 6] 5.0 Fep. 24| 17.6 ] Leb. 26 238
Ape. 5| 120 | Apr. 8| 107l Feb. 26| 2160 I%eb. 28| 5.2

1881. 1881. [ May 17| 4.1

May 20! 6.

<

Ieb. 7 7.0
T'eb. 9} 14

Feb, 7 6.0 [ May 20| 10.7 | May 22 11.
Fob, 12| 15.6 || May 22 17.5 | May 24| 20.

4

May 21| 10.8 | May 23| 10.6 H May 29 7.4 | May 31| 10.
May 23| 12,8 | May 25| 12.4 S May 317 15.0 | June

May 25| 15.8 | May 27| 15

<
—
:xl
W= ST O

|
TJune 2] 130 | June 4] 18
June 30| 10.2 | July 1 ol June 4| 15.2{June G| 2L
July 21 128 | July H | I |
|| June 9| I4.1June 10

Oct. 51 11.2|0ct. 5| 1103 June 11| 228 June 14| 25,
Oct. 7| 1527 0ct. 9 144 li
i i July 10 6.8 | July I7 6.
Oct. 22} 7.9 Oct. 25 6.8 0 July 18! 16.2{ July 21} 16
Oct. 24| 1221 0ct. 27| 119
I Aug. 9 8.2 1 Aug. 12 9.
Nov. 11 6.5 | Nov. 11 5.0 0 Aug. 111 118 j Aug. 14| 13.
Nov. 16| 13.7 ! Nov. I8 *I13.7 .

! i Oct. 19 7.8 Oct. 19| 10
Dee. 24 9.5 | Oct. 201 130 Oct. 23 15.
Dec. 26 13.0 ’

L=

S el

e

Dee. 21 9.9
Dec. 23 12.3

0
Dee. 6 7.4 | Dee. 6
Dec. 7 5.0 | Dec.
Feb., 17

7 .
. Dec. 9| 10.

Seh, 221D

Feb. 22 20T qgey, 1884,

1882,

—

1882.
Febh, 191 139
eh. 21 18.2
Feb. 23| 2L.%

—
.—l
~
: |
© =T
&Y O

leeb. 254 203 [ Teb. 10| 10.5 Feb. 103 18.6
Lo Rebe 12 247 [ Reb. 120 25.6
R{g: g }‘_18 k{:} J‘l’l > biopeb, 14| 27.9 | Feb. 15| 30.6

Mar. 13 12,6

15,0,

Terrs . P i

AMavs 13 F6 1 e 1| 86 DMay 1) 15,6

May 2 14.8 | May 3| 18.6
1!

Mar. 19 9.6, Mar. 23

12.0 H y . OIS . H A3
Mar. 311 120 | Mar, 25 | 130 M 2.2 May 6 26.4
o o June 6.8 | June 10.

SN

av 4 £ IOV 1
May 6 5.7 1 May . Cdune 3] 12,00 June 6 14

May 8| 10.0. May 9
U . 3o h . DI i

May 10| 16.2] May 1= THOet. 31 58 Oet. 41 6
g P0et.h L1222 Oet, 65 T

Jayvr 3
May 28| 1. Oct. 8| 14

May 30| 16.2
June 1 17.2

|
|
June 17 12.3 ] June 21 i
June 19 ¢ 12,6 | June 22
June 21 Ik June 23

June 1

June 3 . Dee. 8.8 | Dec.

. 11

13 Dec. 12 10.6 | Dee. 12] 10.
e Dee. 14| 15,61 Dee. 16| 18
15

bosss, 1585.

=®
—
f=2
=1
[~=R R o} M e O

|
May 31| H.

|

|

| ; | j Dee. 28| 5.1 Dee. 27} 8.4
Oct. 16| 7.0 {Oct. 17 904 bee. 30| 15,1 Dec. 30| 3.2
Oct. 131 2.2 Oct. 21| 13.6 |l Jan. 1| 18.5 | Jan. 1| 26.0

*No crest.
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Fort Smith. Little Rock. |: FFort Smith. Little Rock.
|
Date. | Stage.| Date. iStngc.“ Date. | Stage.) Date. | Stage.
1885. 1885. | 1888. 1888.
Jen. 15| 10.7 | Jan. 16| 154 | Mar. 6| 10.4 1 Mar. 0| 12.8
Jan. 17| 11.8 | Jan. 18| 17.5 | Apr. 9 5.8 Apr. 9 7.3
. it Apr. 13 16,0 | Apr. 13| 15.1
Feb. 4] 10.3 | Ieb. 6} 12.7: Apr. 15| 19.2
Feb, 6] 142} Feb, 81 16.9
Feb. 8| 15.211¢b. 10| 181 ‘ Apr. 28 7.7 1 Apr. 30 6.7
CApr. 30| 16.3 ] May 3| 19.3
Feb, 28| 10.8 [ 1l 291 144 |
Mar. 2| 13.5 | Mar. 4| 17.8 | May 17 6.0 1 May 18 8.4
May 19 ] 14.8 | May 21 18.6
Mar. 15| 10.0 | Mar. 15 12,4 1 May 21| 17.8 | May 23| 20.3
Mar. 17 111 | Mar. 17 14.0
May 27 9.5 | May 201 12.6
Apr. 3 6.9 Apr. 6] 12.5 1 May 23] 13. May 31| 15.8
Apr. 5| 12.7| Apr. 10} 16.7
| June 10 6.0 | June 11 7.9
Apr. 21 T2 Apr. 22 9.5 1| June 11| 16.3 | June 14| 181
Apr. 221 10,01 Apr. — ... .
Apr. 24| 204§ Apr. 25| 20.5 | June 23 6.9} Juno 23 9.2
Apr. 26| 2090 Apr. 20| 28.6 7 June 240 11,0 0 June 271 16.8
I v SJdune 260 143 June 20 | 18,2
May 17 9.2 1 May 17| 12.1
May 18, 1200 May 200 13.2° Aug. 30 3.0 ! sept. 1 7.0
May 20 l 19.2 . May 23| 2.2 ! Sept. 1 13.3§ Sept. 3] 140
June 25| 13.8 0 June 28| 160k Dee. 261 3.4 Dec. 26| 7.3
June 270 1715 June 30| 19.8 0 Dec. 281 17.0 ¢ Dee. 30] 19.8
| LIRSy, 1880,
July 4 102, July 6] I3 | Jan. 8 5.8 [ Jan. 8| 10.1
July 5] 128 | July T 3.3 1 Jan. 10 133 | Jun. 13 17. 4
July 7| 20.9|July 10] 23.0§
! CJdan. 15 12,0 1 Jan. 15| 15.4
July K 16.8 | July 16| 20.3 | Jan. 17} 17.9; Jan. 19} 23.0
July 15| 123 [ July 18] 201 [
. Cuan. 25 9.0 | Jan. 271 15.3
Sept. 8 5.0 Pdun. 26| 110 [Jan. 29| 17.3
Scpt. 11 15,5 | Sept. 11 T
Sept. 13| 17.5 | Sept. 147 18,6 | Mar. 1 R4 1 Mar. 1 8.4
Sept. 15| 19.5 1 Mar. 3} 17.3 5 Mar. 5 20.9
1886. 1886. ¢ Mar, 22 4.8 1 Mar. & 10.2
Feb. 10 6.3 | If'eb. 11 9.9 | Nar. 24 18.1 | Mar, 24 10.2
Feb. 121 130 | Feb, 14| 159 ‘ Mar, 26 | 20.0 | Mar. 27| 22,6
Feb. 14 14.9 | Feb, 16| 17,9
P Apre.s 21 6.5 | Apr. 22| 10.0
Apr. 15 7.0 | Apr. 11 9.5 F Apr. 28| 13.2 | Apr. 25| 15.0
Apr. 17| 10,1} Apr. 150110
Apr. 19| 12,9 Apr. 17| 12,9 | May 14 3.8 | May 16 7.5
Apr. 190 16,1 i May 15 6.3 | May 18 0.8
|;\Iuy 17 12.0 | May 20| 14.0
Apr. 27 6.8 Apr. 271 10.2 ‘
Apr. 28 | 10,11 Apr. 30| 10.6 || May 21 7.6 | May 23| 10.6
Apr. 30| 115 May 2| 13.6 [ May X 14.0 | May 25| 15.8
Aug. b 7.9 Aug. 3 8.4 | June 19 6.2 | June 21 { 10.9
Aug. 7| 10,4 ] Aug. 8] 10.2 j June 21 12,7 | June 23| 15.8
Aug. 91 13.7 | Aug. 124 15.0 | June 14,8 | June 25| 17.0
i
1888. 1888. i| July 27 3.9 | July 28 7.8
Mar. 2 5.8 | Mar. 3 8.2 July 29 14.3 | July 31§ 19.3
Mar. 4 8.2:] Mar. 6| 10.4
|
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Fort Smith. Little Rock. I| Trort. Smith. Little Rock.

Dae. \Stugc. Date. Stugc.ii Date: | Siage. Date. | Stage.

1890, | 1890. 1890. 1890.

Jan. 13 2,0 Jan. 14 0,7 1| Sept. 15 2.7 | Sept. 20| 113
Jun. 14] 10.0 ] Jan. 16| 148 [ Sept. 17 6.4 | Sept. 21| 13.0
Jan. 161 142 | Jan. 18 17.3 |i Sept. 19 | 10.6 | Scpt. 26 | 15.6
Feb, 2 53| Feb. 5] 141 || Oct. 23 6.8 | Oct. 25 9.1
Feh. 3 g8 1 Feb., 61 14410 Oct. 25| 11,2 Oct. 27 ] 12.4
feh, 5! 1L.8 | Ieb. 81 181

| Nov. 16| 10.5 | Nov. 17| 13.4
Feb., 14 0,0 Feb. 150 141 || Nov. 18| 15.0 | Nov. 19| 18.2
i"eh. 16 11.8 | I'eb. 18 15.3 | Nov. 20 17.1 | Nov. 21 19.7
Feb. 25 5.5 | Teb. 24 9.8 © Dec. 25 3.2 | Dee. 26 7.8
Febh. 26 9.0 | Feb, 27| 18.0 |! Dec. 27| 12,3 Dee. 281 13.3
Feb. 28 11.3 | Mar. 1 19.2 o Dee. 30 15.1
Mar. 11 6.7 1 Mar. 11 0.6 || 1891, 1891.
Mar, 12| 1.0 | Mar, 14| 22.3 % Jun. 106 N Jan. 18| 12,

e

0

: !’ Jan. 18| 1.6 | Jun. 20| 14

Mar. 22 6.6 | Mav, 21 | 13.0°

Mar, 24| 12,5 | Mar. 24§ 18.4 | Feb. 21 3.7 FPeb. 23| 11.8

! i Feb. 23 7.8 1 leb, 25 1L.9

Apr. 15 6.0 Apr. 15| 10.8 3 Feb. 25 11.9 | Feb. 27 | 145

Apr. 17| 17.1 [ Apr. 19| 223 ‘
b Mar, 28 87

Apr. 24 7.1 Apr. 26| 15.2 Z| Mar. 39| 10.5 | Apr. | 2

Apr. 25| 122 Apr. 27 22,0 1 Apr. 1 4.5 | Apr. 8| 16.2

Apr. 28| 21,01 Apr. 29 203 |

Mar. 30 | 10.3
1

Apr. 17 6.3 | Apr. 19 9.5
May 12 8.0 | May I 11.5 | Apr. 19 9.2 | Apr. 21| 10.6
May 14 | 1.2 | May 16 xs.zl Apr. 21| 176 | Apr. 23| 20.9

|

SHREVEPORT, LA.

Aug. 28 6.6 | Aug. 29 8.
Aug. 30| 11.5 | Sept. 1 12,

wo

The danger line at Shreveport, La., is al 29 feet.  The extreine high water of
1849 read 35.9 feet.

The distance from Shreveport to Ffutton is 115 miles.

The difference in the level of zerog of gauges is 83.5 feet.

The high water at FPulton, July 17, 1876, was 35.8 feet.

The corresponding high-water crests at Shreveport, and at Fulton two lays
befors, are about the same when the result of general rains.

The prineipal tributary coming into the Red River between Fulton and
Shreveport is the Sulphwr Fork.

A stage of 28 feot at Fulton corresponds to 20,8 feet later at Shreveport; 33
at Fulton corresponds to 31.8 at Shreveport.
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ALEXANDRIA, LA,

The danger line at Alexandria, La., is at 33 feet. The high water of 1849 was
35.4 feet: that of 1866, 36.5: the highest. 36.85 feet. occurred May 19, 1890. .

The distance from Alexandria to Shreveport is 151 miles: the difference 10
level of the zeros of gauges is 96.8 feet.

The corresponding water stages at Alexandria and at Shreveport at various
intervals, from one to eight days, preceding are as follows :

| - -
Shreveport. Alexandria. = Shreveport. Alexandria.
6 0.0 41.6 | 21 17.6
7 1.8 i 22 19.0
8 3.0 i 23 20.3
9 4.1 ‘j 24 22,0
10 Ho4 42,00 25 23.5 42.8
| .
11 6.5 ‘! 26 25.2
12 * 7.8 ; 217 26.8
13 8.8 i 28 28,0
14 9.6 I 29 29.3
15 10.4 42,4 30 30.4 41.6
16 11.3 ‘ 31 31,6
7 12.2 I 32 32,3
18 13.1 o 33 33.0
19 14.6 : 34
20 16.0 2.0 35 36.87

There are no important tributaries coming into the Red River hetween Shreve-
port and Alexandria. .

The rainfall of 22.3 inches, June 16, 1886, produced a rise of 19 feet in the RO‘,l
River. The rainfull the same day at Cheneyville, 22 miles south, was 13.3
inches. On theday preceding. June 13, there was 6.3 inches of rainfall at Alex-
andria. The river discharge in the next ten days was about 0.3 cubic mile.
This corresponds to a rainfall of 30 inches over an area of 634 square miles.

COUSHATTA, LA,

The corresponding high waters at Alexandria and at Coushatta, 95 miles
above, are very nearly the same at high stages; the ditference in level of the
zeros of the gauges is 50.2 feet. The danger line is at 26 feet.

MONROE, LA.

The danger line at Monroe, La., is at 40 feet. The highest water, 49.1 feet, 0C-
curred in 187435 a stage of 48,9 feet occurred in 1882,

The distance from Monroe to Camden is 121 miles; the difference in level of
the zeros of the gauges is 39.0 feet. .

The danger line at Camden is at 39 feet.

The corresponding water stages at Monroe and at Camden do not correspoﬂd
closely enough to be of any value in predicting the stuges at Monroe. A stago
of 27 feet at. Camden may he followed by one of 42 at Monroe, and perhaps by on¢
of no more than 14 feet.

Saline River and Bayou Bartholomew are the most important tributaries en-
tering the Ouachita between Camden and Monroe.

ALBANY, OREGON.*

The danger line at Albany is at 25 feet.  The highest water, 36 feet, occurred
Dceember 8, 1801 ; 32.8 fect occurred January 14, 1881,

The distance to Eugene City is 51 miles; the difference in level of the zeros of
th;: gauges is 229.9 feet. The highest water, 22 feet, occurred at Eugene City in
1861,

* No observations now.
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The most important tributary coming into the Willamette River between Eu-
gene City and Albany, Oregon, is the McKenzie River.

There is not o sufficient record of water stuges at lsugene City and Albany to
make a table of corresponding crests at the two places.

PORTLAND, OREGON.

The danger line at Portland, Oregon. is 15 feet above the zero of the river
gauge. The high water of June 24, 1876, was 26.2 feet; that of February 6, 1890,
wag 28.7 feect.

The distance from Portland, Ovegon, to Albany, Oregon, is 99 miles.

The corresponding wave-crest water stages at Portland and Albany ouc or two
days before are as follows:

Portland,
Albany. | oncor two
daysafter.

19 10.0
20 11.3
21 12.6
22 14.0
23 15.1
24 15.9
25 17.1
26 18.1
21 L |
28 20.2
29 212
30 22,5

The high water of June, 1376, at Umatilla, 177 miles above Portland, Oregon,
on the Columbia River, was 30 fect.

SACRAMENTO, CAL.

The danger line at Sacramento, Cal., is at 95 feet. The high water of Decem-
ber 12, 1889, was 27 fcet.

The distance from Sacramento to Colusa is 73 miles, and from Colusa to Red
Bluff 80 miles. '

The principal tributary of the Sacramento River between Sacramento and Co-
lusa is the Feather River, on which are situated Marysville, 45 miles fartherup,
and Oroville, 74 milcs.

The corresponding wates stages at Sacramento and at Colusa three days before
are as follows:

Sacramento, * " . Sacramento,
Colusa. three days after. || Colusa. three days after.
12 14.2 . 2] 19.2
13 14.6 ‘| 22 19.9
14 15.3 23 20.5
15 15.6 l\ 24 218
| 25 23.1
16 16.0 !
17 16. 6 : 26 24.3
18 17.3 || ’ 27
19 15.9 i 28 27.0
20 18.5 ll 29
I
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ATUGUSTA, GA.

The danger line at Augusta, Ga., is at 32.6 feet. The highest water, 38.7 feet,
occurred Scptember 11, 1888.

The height of zero of gauge above sca-level is 1299 feet.

The following are the lurge rises in the Savannah at Augusta, Ga., and the
mean rainfalls in the three days preceding at Chattanooga, Xnoxville, Atlanta,
Augusta, and Charlotte :

Rainfall three days previous.
Date. Stage. Rise. |
. Augusta, Atlanta, | Mean of 5.
1876. Ireet. Feet. Inches. Inches. i Inches.
Apr. 12 25,6 196§ e
1877, i 3
Mar. 3 22,0 16.0 ) U N PO . 1.1
Mar. 27 92,8 16.0 LO Lo : 1.4
Apr. 10 245 16.5 LS oo .. ! 2.2
Apr. 14 20,8 15.8 B I | 2.1
Nov. 23 23,5 18.0 BN | 3.0
1878,
Jan, 11 215 183.5 I N I 1.0
Feb, 23 20,0 4.0 O ool 0.4
1379.
Apr. 17 19. 2 12.2 B2 oL 2.4
Oct. 19 23,0 18.3 0.6 2.0 1.3
Dec. 16 30.1 20. 6 1.0 3.8 1.9
1880. :
Mar. 17 28.4 20.6 0.4 3.0 1.7
Apr. 5 24,2 ! 15.9 0.7 1.7 2.2
1881. i .
Jan. 21 80.5 | 23,2 4.4 4.0 -7
Feb, 11 20.5 w7 2.5 4.7 2.3
Mar. 18 32,2 23.8 3.9 6.6 3.0
Dec. 28 23.0 14.0 1.5 2.2 1.0
1882, )
Feb. 10 27,0 13.8 1.0 2.0 L5
Mar. 2 2407 15.9 1.2 3.0, 1.7
Sept. 12 29,3 215 1.4 2.7 | 2.3
Dece. 23 21,5 16.0 2.4 1.6 1.1
1883, )
Jan. 22 30.6 207 4 1.3 4.4 2.9
Apr. 11 26. 8 16.5 3.5 3.2 2.2
Apr. 24 25.5 7.2 2.5 2.4 2.7
1884,
Jan. 20 22,7 14.9 1.6 2.0 1.4
Ieb. 18 22,5 14.7 1.3 2.5 L5
Mar. 21 26, 3 13,6 0.6 2.3 1.3
Apr. 16 21.9 19.1 1.7 3.8 2.3
June 26 25.8 16.3 1.5 1.6 1.1
1885,
Jan, 7 20,7 13.4 2,6 0.7 1.4
Jan. 20 27.5 18.7 3.1 2.7 2.3
Sept. 22 21.6 16.8 1.3 2.1 2.0
Nov., Y 23.7 15.7 0.5 1.3 2.1
1886.
Jan. 5 29.8 21.2 0.8 2.9 2.6
Apr. 1 32,2 24 5.5 8.5 6.4
May 21 32,5 245 4.5 4.8 3.8
1887, o 1
July 31 34,5 28.5 5.4 5.5 2.5
Aug. 10 33.0 13.8 3.8 2.5 1.4
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Rainfall three days previous.
Date. ‘Stage. Rise.
Augusty. Atlanta. Mecan of 5.
|
Feet. | - Fect. Inches. Inches. Inches?
1888.
Jan., 2 23.0 15.2 1.8 1.2 1.4
Fth., 26 20,0 15,0 1.0 1.4 1.4
Mar. 30 32.7 23.0 2.4 3.9 2.1
Sept. 11 38,1 221 3.7 .6 1.6
Nov. 11 255 14.9 0.2 18 1.4
1889
Feb, 19 32.9 22,8 0.5 2.3 1.8
1890.
Oct. 1 28.5 20.2 1.4 0.5 0.7
Oct. 24 27.7 20,0 2.8 2.3 2.3
1891
Jan. 13 21.3 13.7 1.6 1.7 1.4
Feb., 9 27,2 12,6 1.4 1.8 1.5
Mar. 10 35.3 28,5 2.5 35 3.1
Mar. 28 20.1 16. 9 1.3 1.4 1.4
Apr. 3 28.5 80 1.0 1.4 1.4

An inspection of the foregoing table shows that the rises of the Savannah
Riyer at Augusta, Ga., follow more closely the depth of rainfull at Augusta than
thé average rainfall at Augusta, Atlanta, Knoxville, Chattanooga, and Charlotte.

The rise at Augusta, however, coineides better with the average of the rain-
fall at Augusta and Atlanta than at Augusta alone. Sometimes the rainfall at
Charlotte is a better measure of rise than the rainfall at Atlanta. '

The rises of the Suvannah river at Augusta usually culminate in two days.

As a measure of the rise the mmcan of the rainfalls at Augusta and Atlanta will
be taken for the three days preceding the occurrance of a wave crest at Augusta.

The following are certain stages of river at Augusta, Ga., the subsequent rises
in two or thrée days, and the average rainfall at Augusta and Atlanta in three
days, all arranged according to the magnitude of the rainfall

|
Threc-day I Three-day
rainfall, seap |Observed| Com- # rainfull, .., 1Observed| Com-
Augusta ]Ealx:'“ rise puted | Augusta ?‘f}l?ﬁl rise puted
and SHIEC- 1 10 erest. rise. and SRS 1 1o erest. rise.
Atlanta. 1 Atlanta.
|
Inches. Feet. Feel. ! Inches. Fect. el
0.9 S 16 1 : 1.7 8 21 16
1.0 10 15! :| 1.8 9 14 16
1.0 8 [ .20 | 1.5 13 14 10
L6 9 16 13
Mean 1.0 9 | 17 | 1. 8 15 16
! . 1.9 8 15 18
1.3 5 18 : 1.6 10 16 12
1.2 8 16 . 1.6 7 13 15
1.5 12 14 11 i 1.7 5 17 17
1.5 10 15 12 1.6 8 13 15
1.2 14 15 ' 1.0 Ist 13 11
1.4 . 10 23 i
1.4 12 17 1 Mean 1.7 9 15
1.2 15 8 i
! : 2.4 19 9 2
Mean1.3 1.1 16 i 2.1 18 9 16
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! f ; !
Three-day ! " Three-day | ' i
rainfall, <. iObserved; Coin- rainfall. ... ,Observed; Com-
Augusta 5{1‘(? i orise puted !| Augusta ! I}}l‘(f‘f‘l rise | puted
and PHEeE 0 erest. rise. | and SHEC | o erest. rise.
Atlanta. ' Atlanta. | .
a— |
Inches. Feet. el h Inches. Feet, Feet.
2.1 8 2] 19 3.3 10 15 21
2.0 6 16 19 | 3.2 19 14 16
2,4 8 17 19 | 3.2 10 23 21
2.4 -9 21 19 3.0 12 23 19
! | 3.6 7 23 24
" Mean 2.2 8 19 | b 3.7 16 22 18
- - i — i |
9.8 10 20 00 ‘; Mean 3.3 12 20 | |
2.8 9 19 20 | 4.2 " 23 o4 !
2.9 9 19 21 ! 4.6 8 25 exl
2.6 8 20 20 5.2 8 24 24
! i 5.5 6 29 26
Mean 2. 8 9 ; 20 i‘ 7.0 8 24 26
!

In a rise of 10 feet at a low stage there is a less increase in the passing water
than for a rise of the same amount at a high stage.

The increased quantity of passing water will be taken as proportional to the
rise multiplied by the mean stage.

The quantity of water passing Augusta will be taken as proportional to the
depth of the average rainfall at Augusta and Atlanta for rainfalls from 1.6 to @
inches.

As may be scen {from the foregoing table the product of mean stuge by rise
does not begin to vary perceptibly with the rainfall until it exceeds 1.5 inches.

There is not sufficient number of cases of great rainfalls to determine the rela-
tion between the rise and rainfall when greater than 5 inches.

From the data above and on the assumptions stated, solving graphically the
following table is derived giving the rises at Augusta, Ga., dependent on the
rainfall and the initial stage of river.

)
RISE OF THE SAVANNAH RIVER AT AUGUSTA, GA., THREE-DAY RAINFALL,
AVERAGE OF AUGUSTA AND ATLANTA.

E Stage (in feet), Augusta.
3
g |6l sliofaz]1)s|18]2
Inches.
LTS | 14

, l
201018116115 | 14 [ 131127 12
2.5 0222011918117 {16115 ] 14

12| 11110 ’ 101 9| 8
023 (2252041918 \ 1711615
1

35024 (3352180 | 101817 16

4.0 95 (2393031 1190181716

a5t logio2 2|20t i8 1

5.0 2624|2321 |20 |19 18 | 17
}

It is inexpedient to predict any rise in the Savannah River for a less rainfall
than 1.5 inches. Importiant rises do occasionally oceur with much less rain than
1 inch, but in general such is not the case.

The ares drained by the Savannah River above Augusta, Ga., is about 7,500
square miles.
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WASHINGTON CITY.

The Potomac drains an area of 13,680 square miles above Washington City.
The highest water, 12.3 feet, above low water occurred June 2, 1889. This car-
ried the water to the store doors on the north side of Pennsylyanis avenue be-
tween Ninth and Tenth streets. This stage was preceded at Harpors Ferry
June 1 by a stago of 34 {eet.

The stage of water at Washington November 26, 1877, was 9.1 feet above low:
water. This was preceded by u stage of 2% .2 feet at Harpers Ferry.

The rise at Washington City is 0.35 of tho rise preceding at Harpers Ferry.

The difference between high and low tide at Long Bridge, Washington é’ity,
is 2.9 feet. 'The tide at Chain Bridge is 1.5 feet.

JAINFALLS IN EXCESS OF FOUR INCHES IN A DAY.
{IF'rom Monthly Weather Review.}

LYo~ OOy

Locality. l| Date. Amount.
; Inches.
Portsmouth, Ohio oo “July 27,1837 4.2
L CJune 26, 1840 4.6
Lambertville, NoJ oo cooooremoommmns omcccoemaoan e AU, 22 1843 71
DO coimiiim s e i Aug. 23,1845 4.4
St. Lowis, MO o cemommmam oo momme e P Oct. 21,1847 4.6
1
LT T L T < DU | May 17,1848 5.
15 )« D “Jdune 22,1848 6.
|5 P PR P ; June 22,1848 4.
Fs PSPPI B, § 1T+t 1848 5.
Lambertville, N. J coocconoaens L EEEEEETTTTTEEREEE I Sept. 2, 1850 8.
Lambertville, NoJ oo e CJJuly 19,1850 4.
St. Lonis, MO cevaromamommaa o m e e Clluno 23, 1852 4,
)5 7 I i Aug. 15, 1855 4.
Hanover, No H oo T Aug. 6, 1806 5.
Lambertville, NoJ oo | Aug. 1001857 4.
St Louis, MOo o e o amm e CJuly 10,1858 4.2
15 7s U CDee. 4 18D8 3.0
|57 T - June 22,1859 4.2
Fort Arhuckle, Ind. T o me e L Apr. 20, 1860 6.0
Peoria, T o o e o mem e July  1,1860 41
|
Colorado Cump. TeX . oo © Aug. 28,1860 7.6
Tambertville, NoJ oo - S Sept. 20,1860 4.5
Fort Columbus, N Y oo June 5, 1862 1 5.4
ort AAAMS, o Lo coccommmmmmmmmcmemesmmomaoaaaaaaat ADPr. 17,186 4.0
Fort Leavenworth, Kans_ ... A rrerre CAug. 6, 1863 5.1
Fort Independence, Mass —ooeemnommmmmmaemnnnonoean ; May 32,1864 4.4
Camp Dennison, Ohio ..ooooriirmmon v CSept. 4, 1864 4.8
Hilton Head, S. € oo ommmiam oo : Sept. 21, 1864 4.2
Spartanburg, S. C ooooceaoiiaoiirie e [N ; V' JEUR 9.4
S, LOULS, MO -« o ceemmmemmmmmm e e | Mar. 30,1865 4.9
Lambertville, N T oo vmmee e ee e July 16,1865 12.0
Ardenig, N Y ey Oct. 30,1866 5.0
St. Lo, Moo oo oo P May 27,1867 4.4
Port Ripley, MINN . e oo rmermmm o2 July 18,1867 i)
Carlisle, Pa « oo oori e mm e " May 13,1868 4.6
Fort Philip Kearny, Wy0. ocooocerenmmvmamnnaaa2n _June 5, 1868 4.1
IO o e mmm e CJune 24, 1863 4.0
ort Delawat'e. DUl oo oo ooeeee e | Sopt. 4, 1868 10.7
DO - o et ' Doc. 5, 1868 4.0
Fort Sully, 8. Dako . ooriimarimmnimacn e aaeee s © Auge 30,1869 . 43
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RAINFALLS IN EXCESS OF FOUR INCHES IN A DAY—Continuod.

Locality. l Date. Amount.
Inches.
Huanover, N. H oo ... | Sept. 10, 1869 4.7
Fort Brown, Tex. ..o oo 1 Sept. 22, 1869 4.7
Fort Washington, Md_. ... ... __.... | Oct. 4, 1869 5.7
Hanover, N. .o ... Ao 5.0
Natchez, Miss oo ool i Oct. 23, 1869 6.0
Rock Islund Avsenal T oo . .__ .. | Nov. 19,1869 4.6
Fort Leavenworth, Kans_ . . .______. * May 30,1870 4.4
Austin,Texo oo ... codo L. 7.6
Fort Independonee, Muss_ oo oo ... I June 21, 1870 4.3
Fort Delaware, Del ... oo .. Aug. 11,1870 5.2
MePherson Barracks, Ga. oo o o o oo Sept. 29, 1870 6.3
Carvlisle, IPu. oo ool Sept. 80, 1870 4.5
Austin,Tex .. ... Oct. 18, 1870 12.3
Fort Totten, N. Dale_ oo __ . .. .. June 4, 1871 4.0
Galveston, Tex - .. S ceedo oo 4.6
Omaha, Nebroo oo L ... July 98 1871 4.4
Carlisle, Pa ... .. Aug. 81871 4.9
Savannah, Ga.. ... .. . .. Aug. 19,1871 8.1
Charleston, S. C ... ... ...___ do ... 4.0
Tort Hays, Kans. oo . ... __._.... Sept. 12, 1871 7.0
Galveston, Tex oo ...l . ... Oct,  2,1871 - 7.8
Boston, Mass - ... ... Oct. 12,1871 i 4.2
TFort Tndependenee, Mass oo ... Y I I 3.7
New London, Conn oo ______._. |- Ao o | 4.3
Galveston, Tex oo . __.... P Oct. 30, 1871 7.9
|
Irort Teavenworth, Kans_ ..o _____ S Dee, 23,1871 4.6
Savannah, Ga. oo L ___._.__ } Mar. 21872 3.1
Mobile. Ala_ . oL .. © Mar, 24,1872 6.5
Augusta, Guoo oo .. U Mar. 25, 1872 4.4
New Ovleans, La. oo o ... .__. N 4.5
Fort Randanll. S . Dak .o . __ .. __. | May 13,1872 6.1
Viekshure, Miss oo oo May 24, 1872 5.4
Peorviw, JMU_ ... June 6, 1872 4.9
Fort MeIntosh, Tex .o oo o _ o . __________.. Juno 81872 1.9
Austin, Tex. .ol ... June 90,1872 4.9
Key West, Fla..__.._.__.______________ i Jane 0, 1872 1.0
Keokule, Towa. .. ... ___________ July 9221872 | 4.8
Fort Johnson N.C_________. . July 29,1872 4.0
Savannah, Ga.. ... . __________ Aug. 61872 0.6
Wilmingion, N.Coo oo .. ... . I___.(lo ________ 5.4
|

Wilmington, N, C ... ... i Sept. 13,1872 4.1
Jacksonville Fla . oo o o ... | Oct. 2301872 5.9
Galveston, Tex oo ... © Nov. 6, 1872 5.6
New Orleans, La. oo o . .. .. I Nov. & 1872 4.5
Vicksburg, Miss. ..o ____ .. ... " Dee. 19,1872 5.0
New Ovleans, La oo ____ ... .. __ . May 6, 1873 4.0
Do I May 28,1873 4.5

St. Touds. Mo ... ... P June 10, 1873 4.1
St.Paul. Minn ... .. __._. ~June 23, 1873 4.6
Marquette, Mich. ... ... i July 16,1873 4.1
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RAINFALLS IN IZXCESS OF FOUR INCHES IN A Day—Continued.

Loculity. Nite, Amount.
Inches.

Mobile, Al oo July 21,1873 5.7
Baltimovre, Md. oo Aug. 18,1873 4.4
Philadelphia, Pa .o oaooo oo B L LT T T T cee oL 5.2
Jacksonville, Flav oo om oo TR Aug., 20,1873 4.4
Now Orleans, Jib ccommemmmoo e Aung. 21,1813 4.1
Galveston, ToX oo Aug. 21,1813 4.1
1ot Brown, TOX .o cmmem o et e Sept. 10,1873 8.8
Austin, Tex ool Scpt. 13,1873 6.4
Fort Brown, TexX <o om el Sept. 14, 1873 5.9
Mobile, AT oo Sept. 17,1873 5.3
Fort Barrancag, Fla ccoeome oo miam L Sept. 18,1873 5.8
Columbia, 8. C el Sept. 10,1873 4.8
Jacksonville, Fla oo oo ovoom L Oct.  3,1873 4,1
Galveston, T eX oo e e i Nov. 3,183 4.1
Shreveport, L ool Nov. 22,1873 4.0
Louisville, I . ool Dec.  3,1813 5.7
Mount Carme), Ctah. .o .. | Jan, 3,1874 4,0
Wilmington, N. C .l Jan.  5,1874 4.6
Mount Carmol, Utabh .. Jan, 15,1874 4.0
Clarksville, Tex - oo i, Jan. 31,1874 4.0
Onecida, N Y oo oo Feh, 13,1874 10.1
Nashville, Tenn . oo Feb, 22,1874 6.0
Clarksville, TeX - v oaoe o eh, 28,1874 7.0
Mount Carmel, Utah ..o .. Mar., 4,1874 5.0
MODIIC, ALQ e oo cee e e Mar. 15,1874 4.5
Montgomery, Alw .o Mar. 16,1874 4.7
Carlowvillo, Alao oo Mar, 18,1874 10.5
Viekshurg, Miss. .o ool Apr. 8, 1874 4.5
DO Apr. 15,1874 4.2
Brookhaven, Miss ... ll..l . Apr, 16,1874 4.4
Knoxville, Tonn .. oooeeonn Apr. 16,1874 4.2
Brookhaven, Miss - oo .. Apr. 19,1874 1.4
Viclesburg, Miss. oo oo poe-do Lo 4.9
Tort Sully, S. Dak ..o .. May 2,1874 4.6
Clarksvilloy, TON « o cmae oo oLl May 11,1874 8.2
Fort Wallace, Kans_ .o __. U May 23,1874 9.3
Galveston, TON - o oo o e May 28,1874 5.2
Augusta, Ga oLl June 5, 1874 4.5
Emerson, Nobr oo oo . R [ 4.0
Colebrook, Conn ..o ool June 8, 1874 7.4
Sandwieh, T oo ceedo 5.0
Plattsmouth, Nebv oo June 9, 1874 5.5
Independonce, Kuns oo June 14, 1874 4.0
Plattsmouth, Nebr oo oo . foodo oal. 5.6
New Orleans, Tav. o oo oo FJuly 4, 1874 7.5
Oneida, N Y oL “July 4, 1874 5.2
Woodlawwn, Md oo Puly 11,1874 4.4
Fort Lourned, Kans. oo o ..._. CJuly 15, 1874 5.6
Taventum, Pa o ..o oo oo July 26,1874 4.5
Rising Sun, Ind ..o oo aee I July 27,1874 4.4
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Locality. Date. Amount.
Inches.
Trumbull,Conn. .. coooo ... S Aug. 81874 7.3
New Haven, ConmNu oo oo oo oo oo Aug. 9,1874 &7
Somerset, Mass - oo oo oeoem oo e.do ... E|
Philadelphia, Pa. ..o o o e.do oL 4.1
Carroll, MOnt . - oo oo . Aug. 11,1874 4.0
Charleston,S.C ..o . Aug. 30,1874 4.7
Fort Brown, Tex. . ... Sept. 5, 1874 10.1
Bluff Settlement, Tex. .- .o ... Sept. 6,1874 6.5
Austing TeX oo e Sept. 7, 1874 8.4
Fort MeKavett, TexX . .ooooooooooooioeiio . —eedo L 5.4
Council Grove, Kans .. ... Sept. 14, 1874 1.8
Washington City .. ... ... Sept. 16,1874 5.7
Fort Foote, Md - .ol eedo oo 1.1
St. Inigoes, Md o mmoi do ......_. 6.0
Hatteras, N.C......_. R l--.do ... 5.4
Cooper Union, N.Y .. ... ... ! Sept. 17, 1874 5.1
Rock Island, 1. ... ... ... I Sept. 18, 1874 4.0
Mount Vernon,fowa. ..o . _._.l.__. do ...____. 4.0
Davenport, Towa. ... ... .. . Sept. 19,1874 4.5
Clarksville, Tex .. ococeoo Sept. 24,1874 4.0
Bluff Settlement, Tex. o ooooooooeoee ... | Sept. 25,1874 4.8
Oxford, N. €. il | Sept. 28, 1874 4.5
Attaway FGILN.C.o ... Sept. 29, 1874 6.0
Fort Brown, Tex. . ... oo ....__... i Nov. 13,1874 4.3
Bluff Settlement, Tex- ... ... .. ____. : Nov, 16, 1874 8.0
|
Fort Independence, Mass ......_...___......__..______ Nov. 22 1874 5.2
San Francisco, Cal ... . . .. _ ... .__.. i Nov. 23,1874 1.0
Rapid City, S. Dak_ ... i Dee. 21874 1.6
Cooper Union, New York-City ... . ... .. ___. Dec. 20,1874 5.0
Clarksville, Tex - o ... i Dec. 30,1874 8.5
Clarksville, Tex - ..o omome L. "~ Dec. 31,1874 6.0
Memphis, Tenn. ... ..o ... FJan, 281875 4.0
Clarksville, T eX oot e e e e . .do ... i 8.5
New Orleans, L. - - oo oo LT Cleb. 19,1875 5.7
Jacksonville, Fla. ... ... o _____ . ___ | Feb. 20,1815 1.0
I
Cupeville, Va_ .. ... [ Feb. 20,1875 | 6.
Knoxville, Tenn_ ... ... ... Feb. 24,1875 : 4.
Murphy, N. C oL I Mar. 1,1875 ; 4,
Spartanburg, 8. C ... ... P Mar, 31875 4.
Clarksville, TeX - oo oo ... ! Mar. 28,1875 €.
I
Hatteras, N.C ... ... CApr. 33,1875 4.
Yankton, 8. Dak .. ... _ . ... .- | Apr. 17,1875 4.
Fort Gibson, Ind. T __________________ . . ___. Apr. 30, 1875 4.
Fort Sill, Ind. T . ... " May 23,1875 4.
Council Bluffs, Towa...o....__ . __ . _____._____. | May 31,1875 5.
Omauha, Nebr.. ..o .. May 31,1875 4.
Clear Creele, Nebr. . . . ... ____ “June 1, 1875 8.
Boston, Mass ... .. | June 10, 1875 5.
Fort Independence, Mass oo o . _____.._. b oodo ... 5.
Somerset. Mass_ .o (Y U R 5.
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Wiyanett, TH ..ol June 14,1873 1.0
Omaha, Nebr. oo e e June 17.1%35 ! 5.0
Fort Randall, S. DK - oo oooom i oiiocaaaaos June 18,1875 | 4.8
Wilmington, N. C v June 200 1875 4.0
Cresco, JoOWa - oo n oo e e ca e June 23, 1875 1.0
2ockford, TOWa - oo oo June 23,1875 5.5
Emerson, Nebr - oo oooomooeo e June 27,1875 | g
Tort Randall, 8. Dak . oo oo . June 30, 1875 | 51
Yankton, S. Dak o oo e R U R, 5.2
Sidney Barracks, Nebr oo .o July 19, 1875 4.0
Santec, Nebr oot a e July 30, 1875 4.1
cokuk, TOWea - oo L July 31,1875 4.3
Johnsoniown, Ve - oo omaaomooso e Aug. K 1875 4.9
Stapleton, N. Y oo e Aug. 12,1875 4.0
Norfolk, Nebr - oo e me i Aug. 27,187 6.7
Plattsmouth, Nebr oo oo oo ol Aug. 27, 1875 6.7
Hampt,()n‘ Ve o e e e e e —— e Aug. 29,1875 5.7
Denison, JOWal - oo Sept. 201875 49
Abingdon, Il oo e Sopt. 4, 1875 1.0
Aungusta, 111 .o ceodo ool 1.8
Dubuque, Lowah — oo o Scpt. 9,1875 5.0
Beloit, Wis. o e me e codo oL 6.1
Bloomfield, WIS - oo coodo Lo 4.8
Arkansas City, Kans . ..o ooooioiiaia i Sept. 12, 1875 4.0
Galveston, TeX ccovravamacaccaaanno Nmmmememm—as Sept. 16,1875 6.6
Shreveport, Tudo oo ooee e oo Sept. 17,1875 7.0
Galveston, TeX - oo ieea el 3% IR ¢ Vo R 4.0
Vicksburgr, MiSS - o oo om et sept. 18,1875 .0
New Orleans, Tt oo oo oo cee e ccmcemeaaaca Sept. 25, 1876 5.3
Galveston, TeX oo SR (' S 6.6
Litehfield, Mieh oo oot Oct. 6, 1875 4.5
Hatteras, N. Cn oo o e Oct. 14,1875 h.3
Columbia, Conn .. Oct. 31,1875 4.1
AUSEIN, TN - o e me e e ee e aaeaan Nov. 28 1815 4.2
New Uhmn, L eX oo e e e e e Dee. 38,1875 5.6
Shreveport. Tt o oo e Dee. 21,1875 4.7
Galveston, TeX oo Dee. 22,1875 4.6
Brookhaven, Miss . oov o mmaeia i Dec. 24,1875 4.0
Franklin, N.C.o oo Dee. 29,1875 4.7
Hacienda Saluda, S. C ool QO 5.0
Caivo, Il .o Jan. 18,1876 52
Terrell, P eX . o e Mar. © 35,1876 6.0
Fort Hays, Kans_ ..o oaoeoooamoao L Mar. 19,1876 4.7
Shreveport, La .o oo do oo 4.5
Terrell, TeN o oo e N ¢/« 4.0
New Orloans, Tt - oo oo e oo ' Mar. 20,1876 4.0
Terrell, TOX - oo o et Mar. 24,1876 4.0
New ITaven, CONm w oo oo oo coee oo U Mae. 26, 1876 4.8
O T S | Mar. 31,1876 5.0
Montgomery, Ala. oo e iianacann. l Apr.  2,1876 6.0

WAR 91—voL 1v—-13



194 REPORT OF

THE CHIEF SIGNAL OFFICER.

RAINFALLS IN Excgss or FOUR INCHES IN A DAy—Continued.

Locality. Date. Amount.
Inches.

Jacksonville, Fla - o oo ol Apr. 3, 1876 4.7
New Haven, Conn oo PApr. L1876 5.9
New London, Conn .. RS U 4_'_1
New Orleans, Lo o oo oo e ieeaaes Apr. T,1876 5.5
Murphy, No € oo Apr. 14,1876 4.3
Shreveport, L ool Nay 6,1876 7.4
New Orleans, Lab o oo oo oo e ceemeeece e icianan May 8, 1876 4.1
Louisville, Il oo May 20, 1876 4.0
Denver, Colo oo iae e May 22,1876 6.7
Belleville, KUnS wo oo ooo oo June 10, 1876 4.0
Charleston, S. € o oveeer oot June 12,1876 6.2
Burlington, Kans - oo oic i June 13,1876 5.0
Lawience, Kans - oo SN o 4.7
Charleston, S. € oo iar e iicacmcc e R 1 4.1
R S June 15, 1876 5.1
Purdy, TN . oo ool June 15,1876 7.2
Greensboro, N. C oo oo i e e e June 17,1876 5.6
Atehison, Kans - . oo June 28,1876 4.0
Baxter S])l'ings, DL o IR June 24, 1876 4.5
Carbondale, LI} - il June 30, 1876 1.3
Wilmington, N. € ool June 30,1876 7.0
Kookuk, JOW oo Pruly 1874 5.1
Dubuque, Jows oo PJuly 5, 1876 4.0
Beloit, Wis oo e el odo 1.5
Charleston, 8. Coo oo July 16,1876 1.9
Belleville, Kans .o oo oo July 23, 1876 4.0
Washington City . ooceeco oo July 30, 1876 4.1
Middletown, Conn ..o oo . July 31, 1876 5.8
New Haven, Conn .. o.loooooea oo ceedO oo 7.0
Worcester, Mass . o e e oo ccce e conedO oo 4.6
Mobile, Ala .o ii.o Aug. 1, 1876 4.0
Boonsboro, Vi ..o Aug. 13, 1876 5.2
Guttenburg, Lowsh . oo il Aug. 30, 1876 4.2
Abingdon, 1. oo Sept. 5, 1876 4.3
Kooktik, JOWH « e o Sept. 7, 1876 4.9
Aungusta, TN .ol Sept. 8, 1876 5.3
Wilmington, N. C ..o ... Sept. 16, 1876 4.0
Fort Johnson, N. C ool Sept. 17, 1876 4.0
Capeville, Vo oooooeee [ 6.0
BrIe, Pa oo e e Sept. 18, 1876 4.4
Pittsburg, Pa. oLl Sopt. 18, 1876 4.1
Taventum, Pa .o ooooooo . foodo e, 6.0
Wellsboro, IPa - oo oo e 1 Sept. 24, 1876 4.8
Newport, Fla ool LOct. 7, 1876 4.4
1 S | Oct. 8, 1876 8.2
QUItMAN, Gl e oo oo ool ] Oct. 11,1876 4.2
Charleston, 5. C oo n e .. i Oct. 20, 1876 6.2
Daytona, Fla - oo .. [ U R, 8.2
Hatteras, N, Covoineoioioiaaooa e i Oct. 21, 1876 5.4
Louisville, Ky ... eeemaeare e mmmmeemmeen Oct. 29, 1876 4.1
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Dover, 1) .o et e i Nov. 20, 1876 7.6
BRoston, Miss . oo oo eee e e e e Nov 21, 1876 5.4
Clarksville. T eN oot o e s CDee, 29, 1876 8.5
M S8, TON - - oo e e e e e e e | Keb. 13, 1877 7.3
Hatteras, No Co o omee e i mamac e ce e oo oo M, 22,1877 5.1
Montgomery, Ala. . oo oo ClApr. N, 1877 4.6
Norfolk, Vil oo oo i Apr. 10, 1877 1.6
Melissu, TexXoeoo oo oan e PApr. 17, 1877 H.0
Sedgwick, Kans - oo oo P May 12, 1877 1.5
Elinwood, Kans . oo , May 13, 1877 5.0
Fort Snelling, Minn oo ool | May 31, 1877 5.1
Bellefontaine, ONIo . oo oo oo Plune 6, 1877 5.1
New Tondon, Conm oo e e eaa o CJune T, 1877 4.2
Memphis, Tenn_ oo Pdune 8, 1877 9.0
DO e dune 9, 1877 10.0
Savannah, Ga - oo CJune 12, 1877 4.8
Charleston, 8. C oo oo CJdune 12, 1877 4.0
St Matrys, Gthe oo oo e Cdune 13, 1897 6.2
MODIC, A e o - oo e e e 'V June 14, 1877 4.8
Carthagena, Ohio. oo oo i June 20, 1877 5.2
Urbana, ODI0 - o oo e e I June 21, 1877 4,9
Fors Snelling, Minn ... e D dune 20, 1877 4.2
Augusta, T CJduly 16,1877 4.2
St Marys, Gl o oo oo oo Viluly 2201877 4.3
Greenville, N, Couom i Aug. 3, 1877 5.7
Mystie, CONM - oo e Aug. 25,1877 4.0
AMana, TOWA . oo oo e Aug. 281877 4.0
Byvon Township, Towa ..o ..o Aung. 28 1877 4.4
Monticello, ToWa - oo i ceedo ool 4.0
Embarrass, WIS oo e iaaeno oo oLl 4.0
Booneshoro, Lowa. . ..o e Aug. 29,1877 0. ¢4
Wilmington, N. C ..o e Sept. 1,1877 5.0
Shreveport, La oo sept. 3, 1877 6.9
Galveston, TeX cooeon s Sept. 6, 1877 4.8
Cape My, NoJ o Sept. 8, 1877 4.7
Mount Ida, Ark oo I Sept. 9,1877 1.0
St. Joseph, Mo o lo_Jdo oo 4.8
Baton Rouge, T oo oo : Sept. 10,1877 4.8
Galveston, TeXa e or oo . Sept. 17,1877 6.1
Mohile, Al ool P Sept. 18,1877 7.0
I
New Orleans, Tua . oo oo sept. 18,1877 7.2
Baton Rouge, T o oo ooo oo Sept. 19,1877 12. 4
Brookhaven, Migs « oo oo oo Sept. 19,1877 7.2
Fayette, Miss. .oocoommoooiocnmecmma e B0 6.2
Carlowville, Ala. oo e | Sept. 20,1877 10. 4
Green Springs, Alao oo Sept. 20, 1877 8.2
Wilmington, N. C o oo v Sept. 27,1877 5.6
Hatteras, N. G oo e e cme e e Sept. 28, 1877 5.0
Cape Lookout, N. Coo oo . -.] Sept. 20,1877 9.0
Greenville, No Covvevecvenroacurverammnsarsacorrearnerleee @0 cignnane 83
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Kitty Hawvk, N C e ! Sept. 29, 1877 7.2
Mayport, Fli .o FOct, 3, IRTT 6.3
St Marles, e o o o Foct, 38,1877 7.3
Quitman, (it .. oo e [ { [V R 8,4
Lynehburg, Va oo PR L€ R R
Washington City oo oo Oct.  4,1877 4.0
Emmitsbure, Md ool ¢ U5 S 4.1
Fallston, Md . oo e Oct. 4, 1877 Al
New Market, Md oo coodo oo H1
Woodsiock Colleas, M oo B 1 R 5.2
Flushing, N. Y .o oo Oct. 4, 1877 4.8
New York City, No Yoo coodo oo . 4.0
Pelham Manor. N. NV oo R Oct. 4, 1877 5.0
Wesi Chester, 24 oo oo et ooodo ool 5.0
Accotink, Vi o oo odo ool 4.0
|
Fort Myer, Vi oo Oct. 4, IRTT 4.3
Woodlawn, Vi oo ! Go oo 4.0
Boston, Mass ..o m oo e COet. 50 INTT 4.0
Fort Hamilton, N. Y o oodo ool 4.9
New York City oo com oo COct. 7,187 4.3
White Plains, N. Y i e COct. w1877 0.7
Alpena, Mioh. ..o | Oct, 11, 1877 5.2
Fort Sill, Ind. T« oo e POct. 14, 1877 4.9
Denison, Tex oot ['d [ SO, 4.0
Indianola, T eN - oo Oct. 16, 1877 4.1
Baton Rouge, La oo oeoeo 1 Oct, 18, 1877 6.7
Galveston, TexX . P Oct. 24, 1877 5.0
Galveston, TeX ..o COct. 25, 1877 4.0
Point Pleasant, Toa. ... e e —aas | Nov. 1, 1877 ! 4.0
Belmont Farm, X oo e . do ... : 7.0
Point Pleasant. La. o oo ! Nov. & 1877 6.8
Charleston, 8. € . Ldo oo 4.2
Mount Washington, N, IT.. ... ... . " Nov. 901877, 4.7
Belmont Farm, Lex. .o ool | Nov. 17,1877 ; 4.0
Fort Barrancas, Fla. ..o ... I Nov. 20, 1877 43
Point Pleasant, Tia. oo o o o ... [ Nov. 20, 1877 7.1
Tiynehburg, Vi ool | Nov. 22, 1877 4.2
«Statesville. N Cooo oo ... Nov. 23,1877 4.9
Sandy Springs, Md ... . Nov. 24, 1877 5.0
Boonsboro, Vi oo ... Lo ool 4.0
1

Mount Solon, Va.. ..o oo ... ... . Nov. 2 I8T 4.6
Barnegat City NoJ oo L........i Nov., 25, 1877 5.3
LCornish, Me oo m oo P Nov. 27, 1877 4.1
TFort Barrancas, Fla .. . .. ... i Dee. d, 1877 5.4
Quitman, Ga._ o ceee el | Dec. 5, 1877 4.7
Hatteras, N G ‘ Dee. 19, 1877 4.2
Kitty Hawk, N. C.ooo ol Dee. 26, 1877 4.4
Melissa, TOX o - oo cc e m o ae et e | Dee. 28, 1877 5.0
New Haven, CONN - oo i icaaacanae. \ Feh, 22, 1878 4.1
Shreveport, L - cooee oo cae s Mar. 8, 1878 4.5
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Vieksburg, Miss - oo Mar. 9, 1878 4.5
St, Marles, o oo ... | Mar. 28, 1878 5.0
l?bw land, Ga ... ... LIl i Apr. 9, 1878 4.4
warleston, S, O el l..do ... 5.3
lh'cck(:uridg_{c, Minn el | Apr. 11, 1878 5.1
Memphis, Tenn_ ..o .. , Apr. 23, 1878 4.0
Clavksville, Tex - ool " May 21,1878 5.5
Tabor, Towa ... ... DU 1 May 24, 1879 4,2
Barnegat, N J ... . May 31, 1878 5.4
Booncsbolo [(mu _____________________________________ | June 2, 1878 4.0
Terrell, TeNX oo e e I June 12, 1878 4.5
Danville, Ky .. June 17, 1878 5.0
Fort Taurned, Kans ..o .o ... June 19,1878 6.0
Marquette. Mich ... ... le.... CJune 21,1878 5.2
Montgomery, Ala ..o | June 23,1878 4.0
Melissa, 0N e e . June 28,1878 5.1
De Soto, Nebre oo ... LJune 29, 1878 4.6
Howard, Nebr oL ... CJune 200873 0 46
Logan, Yowa. . . .. CJune 30, IRTS 6.0
Louisville, W ... .. . .l ....... Pauly 1,187 ’ 5.0
Logan, Towa . .o . ' ful\ 10, 1”78 l 8.0
Plattsmouth, Nebe . oo .. boodo . 4.8
Tueson. Aviz - ! lul\ 11, 1678 | 5.1
Guttenbuora, Tows oo ..., . ... do _,,_.l_‘_l Ho4
Beloit, Wis ... eedO 4.6
Bloomfield, Wis .. ... July 11,1878 7.0
Quitman, Go . lTToommmemm Fraly 12)1878 4.0
Viley, T oo FJuly 12,1878 ' 4.3
New (m\(lon INd A0 e i 5.0
Charleston, S. Co oo . Cduly U188 L 6L
New b(‘d(ox Ay MASS e UJuly 18,1878 4.4
Morriston, S. Duk.. oo July 23,1878 8.0
Manhattan, Kans oo .o .. ... Cduly 2401878 6.1
Chicago, W e SJuly 26,1878 4.1
Denison, TeN. . oo .. “Jduly 27,1878 6.4
I
Rio Grande City, PeX. ..o ... dJduly 27,1878 4.2
Meinvad’s Abbey, Ind - .. _.____._._. CJduly 2001878 0.3
1)(*(‘.xtm‘ N .. Puly 29,1878 6.1
Fort Grifling PeN oo do ... 6.7
Wytheville, Vu_, ______________________________________ ' do ..., ' 4.4
1 |
\Vushmgt(m CHY oo CJduly 30,1878 58
Fort Nyer, Vao oo o . Coodo 4.7
Colebrook, Conn. ... e oo S Aug. 41878 6.7
Mendon., Nass . o e e Pooado oo 5.9
Lowelly Mass ... [ Aug. L1878 | 40
Weir ke, Mass oo e ! Ang. 91878 6,5
Weldon, N, O e | Nug., 1301878 4.8
Adken, S, G 1\1"' 14. 1873 o1
Chavleston, S, U e . [0 . 5.4
Woods Holl, Mass - -oooomne oo L0000 Mg, 18,1878 6.1
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Brookville, Jowa . - .o e Aug. 20,1878 4.0
Tlmiva, 11 .. ... ceedO 4.0
Mount Pleasant, Towa - ... ... ... __..._.__._. Aug. 20,1878 4.6
Fort Barvancas, IFla .. ... . ____... ©Aug. 20,1878 9.8
Eeypt, Pa . " Sept. 4, 1878 4.2
New Haven, Conn _....._._._.. B Sept. 5, 1878 6.7
Merritt's Tsland, Fla oo . ... Sept. 8, 1878 5.2
DO o el Sept. 9,1878 0.1
10 o . Sept. 10,1878 7.0
St. Franeis (Barvacks), Fla oo o ... | (¢ SRR 5.6
[
Jacksonville, ¥la oo .o ..ol e - Sept. 11,1878 4.3
Wilmington, N. (! ... do ... ... 4.0
Angusta, Gao ..o ...... Supt. 12, 1878 4.4
Fayetteville, N. C ..., ...l '....(lo_.___.__ 4.0
Lenoir, N.Co oo ial.l.. | _do....__.. 7.1
Charleston, 8. C ... L. Scpt 12,187 4.3
Wytheville, Va oo . .. ...V lqo. .. .. 7.0
Cleveland. Ohio o oo | s(,pt 13,1878 4.4
" Hudson, Ohio. ..o lo. (U U 5.8
Marietta, Ohio ... ... .. _. e B (o 4.0
New Castle, Pa oo ... ... Sept. 13,1878 5.0
Thomasvillo, Ga. .o .o ... POct. 10,1878 5.0
Fort Bavraneas, Pla oo . o . _..___. oodoo 5.4
Hatterns, N, Co oo L 0 ... Oct. 11,1878 4.0
Key West, Pl . . ...l Oct. 21,1878 4.0
Emory Grove, MA ... .. .. ... ___..... Oct. 22,1878 4.0
Cape Lookout, NoCooooo oo oo . oedoL 4.1
Southport, N. O . ... ooadoa .l 4.4
CSandy Springs, NMd ..o oo . odo oLl 3.6
Carlisle, Pa - o oo . ... o1 Oct. 23,1878 4.0
Gardiner, Me. ..o . .l._... L oet. 24,1878 4.9
West Waterville, Me .. oo o ... (I Ao ... ... 6.3
Thatcher's Tstand. Mass . .. ..o .. . ... { Nov. 19,1878 5.8
Auvburn, N.H ..o oL e i Nov. 22,1878 4.0
Fort Barrancas, Wl ... ... i Nov. 2, 1878 10. 4
Highlands, N. C .. ... I Nov. 20,1878 4.0
Emory Grove. Md ____ .0 ol ... | Nov. 27,1878 4.0
Fayetteville., N. C oo oo L. (Y 1 S 4.2
Point Pleasant, La .o . .. .. ... Dee. 9,1578 7.0
Avdenia, N Y oL .. i Dee. 10,1878 4.5
Fayetteville, N. G oo ... U 'Dee. 10,1878 6.0
Hatteras, N Coooo. .. R [ ¢ T 4.2
Boyd’sCorners NoY .o o0 L. Dee. 11,1878 Ho0
Morse,Kans .. ... . . ... oo Dee. 13,1878 4.5
~Galveston, Tex oo o0 L .. Dee. 20, 1878 4.7
Point Pleasant, La_ ... ... ... ... ___.___. . IO " Dee. 2101838 4.8
Cape Lookout, N.C oo 00 o doo L) 4.8
Fayetteville, N. O oL L., oadoaol L 6.0
Santa Bavbara, Cal oo ... ... Dee. 31,1878 ) 4.0
Mobile, Ala ool e eimeceeoeooo Mar. 21,1879 4.2
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ﬁox‘t St.ovcns,c()rcgon ................................. | %%m‘. éa, {Szg ("9

atteras, N, Co e i Mar. 30,187¢ 3.
St. Murks, IPla. oo aeaan . ( Apr, 15,1879 5.2
Shreveport, Tt ..o .o l.._.do..... --- 4.6
Savannah, Ga. ..o iieeeae- ‘ Apr. 17,1879 6.1
Chmrleston, 8. C .o | Apr. 17,1879 5.1
Fort Sill, Ind. Do o e I Apr. 221879 6.5
Corvsicana, TeX oot i lo..do ... 6.3
Aust-ih,'..‘éx .......................................... l Apr., 23,1879 4.4
Clarksville, T eX . o oo oo e e caan ' Apr. 23,1879 5.5
Melissa, TON « o e e e e e 1 Apr. 23,1879 8.0
Hat Creek, Wyo oo e eeodo oo 6.7
New U, DeN o oo e e Apr. 24,1879 5.1
Fayetteville, NoC.oooooooo Apr. 28, 18:9 6.2
Gatesville, TeX . oo e [ May 5,1879 4.1
Emory Grove, MA «ooe oo ou oo , May 15,1879 5.0
Sandy Springs, M ..o .. | May 16,1879 4.3
Piegan, Monb. o oo on oo .- May 24,1879 4.1
Arlington, Ind. . oo May 26,1879 4.8
Wakeville, KaNs - oo o oo May 30,1879 4.0
St Marks, Fla. . oo e eeeeane June  9,1879 5.2
St. Josephy Mo oo oo June 10,1879 4.3
Fort Grithn, TOX o e e e June 21,1879 10.2
Des Moines, Lowa. -t s June 24, 1879 4.8
Littlc Roek, Ark oo e June 28,1879 7.4
Cairo, TI e June 28, 1879 5.0
Tort Barrancas, Fla . o June 29,1879 4,8
Fort Snelling, Minn ..o el July  3,1879 6.6
St.PPaul, MinN - oo e aas e et 5.0
Mount Steeling, 1V .. .. July 77,1879 4.0
La Crosse, Wis - ool July 77,1879 4.7
Mount Sterling, T e July 49,1879 4.3
Monticello, ToWa oo o on oo e codo s 5.6
Southport, N.C_.__ . . July 14,1879 5.0
Nashville, Tenn oo i July 25,1879 5.1
%Iuhncvi]lu, 3 R IO July 26,1879 %8

rwin, Do e B Vo U .
Fayevtovilie. N. Gl LT Tuly 58 1876 6.6
Wooster, Ohio. oo Sl July 29,1879 6. 6
Charlotte, N, G et July 30,1879 4.2
Cape Henvy, Vo oo N July 31,1870 4.2
St Marks, I ... g 11879 G.4
1"1':mlltlllin‘jyl\7. (lf) _________________________________________ i ﬁ::;; 2,18%5) 5.9
Rio Grande City, Tex. o oo oo P Aug. 11,1879 6.0
Ringgold, Barracks, Tex . . oo Aug. 12,1819 ' 5.0
Brookhaven, Miss. ... ... Aug. 13,1879 4.6
Fort Barrancas Tla o oo .. Aug. 14,1879 6.1
Anna, N oo | Aug, 15,1879 4.3
St. Meinrad's Abbey, Ind ... . ... oo L §0 é 9
¢ Aug. 16,1879 0.5

Lenoir, N. C oo e cceie e
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| Inct
! nehes.
Wilmington, N. C ... . ... ... P Aug. 17,1879 4.7
New Haven, Conn ... _._____._____. .. .. .. ' Aug. 18,1879 51
New London. Conn ... ... dell T 4.6
Springfield. Mass_ ... ... ... .. .7 [ do ... 4.3
Cape May, N.J ... . . ... ... loodo .. 8.5
Frc?lhold, N | Aug. 18, 1879 7.2
Sandy Hook. N.J o .. . ... T looodo oo 6.
Trenton, NoJT. ... ...l Lo ... 4.6
Fort Hamilton, N. Y _.___________ Tt j----do oo 50
Wilmington, N. ¢ ..o T l----do .. 4.2
Fort Monvoe, Va__ ... . I Aug. 18,1879 5.0
Johnsontown, Va ... . ____ T Lo .do ... 7.7
Novfolle, Va ... Tt j----do ool 6.0
Boston, Mass ... Il C Aug. 19,1879 5.0
Little Rock, Avk ..o o o Il | Aug. 23,1879 | 4.0
Anna W oo . I Aug. 23,1819 5.1
Point Pleasant, L. ___ ______ 7770t Y’ 1 S 6.7
Louisville, TN ..o o LT PAug. 241879 5.5
StoMarks, Vlao ..o T SAug, 26, 1879 4.5
Mervitts Island, Wa ... T CAug. 30,1879 4.8
|
St.Mavks, Plao. oo o FSept. 1,1879 4.1
Brookhaven, Mivs ... Tl TTTTTmTTT Loodo ool 6.0
Fayette, Miss ..o . . ____ ottt Sept. 1, 1879 5.0
Viekshuvg, Miss. ... o TTTTTTmt Sept. 201879 | 1.0
Ashwood, Tenn_ .. . T [F' [ R | 4.0
]
Fort Wayne, Ind - ... fSept. 3, 1879 I 4.1
St Meinrad's Abbey, Ind ... Tt oo ool 4.2
;:‘Iupc Look{:m(. N 1 Sept. 21,1879 | . 1
atteras, N.Co_oo o ... oodo oo H.2
Belmont Favn, Pex oo o Tt L Oct. 31879 4.5
Indianola, Tex. ... . ... _____. .. Oct. 3, 1879 4.7
Key West, Wla oo Oct. 13,1879 4.2
ikshcl:'lx.llc.\f\.( ........................................ Oct. 18,1879 (i.é
Crankling NoCooo_oo L TTTTTmettt ceedo oL 7.
Murphy, N. C oo T ' T N 4.3
Webster, N. Coo__ o . Oot. 18, 1879 6.7
Fort Bavrancas, IMa ... TR oo.do oo 4.5
(I-)Ili{gillundsf I Oct, 20,1879 11.')5
aloosa, bav oo o  Nov., 9, I8y 0.2
Fort Bavranecas, Mo ... 7777 PN § T Ib“:.t) 5.4
Atlanta, Ga ... Dol 1LISTY 1.1
]Eed ABluﬂ'l, (‘a(l T | Dee. 19, 1879 2 (;
08 Angeles, Cal oo T - Dee. 29, 1879 .
Nashville. Teon ... 77"ttt CIeh. 13, 1880 5.2
Point Pleasant. {aa.... . __ 77T 7Tt © Mar. 15, 1880 5.0
|
Vicksburg, Miss - ... ... D ATar. 15, 1880 4.6
Point Pleasant. La_ .. .. _____ [ 77Tt I Apr. 15, 1880 4.0
g‘agfe‘tte,‘.\hss T i Apr. 16, 1880 gg
acramento, Cal .. .. 1 Apr. 20, 1880 o.
Forest City, Cul ... ___ Tl i Apr. 21, 1880 6.6
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Locality. . Date. Amount.
------- ;
! Inches.
Georgetown, Cal. .. ooo ool ©Apr. 21, 1880 4.0
Grass Valley, Cal - ..o o . ... odo ool 4.5
Healdsburg, Cul - oo e e L do ... ... 9.7
Modesto, Cal ..o odo oo 7.0
Mount St. Helena, Cal . .o o ..o ... oodo 14.7
Nevada City, Cal - oo oo Apr. 21, 1830 5.2
%umu RROS8, Calo oo e e do ... 6.7
‘omales, Cal ...l ¢ 1 R, 5.0
Mayporty FI& -« oo © May 4, 1880 | 5.5
Nashua, lows . ..., i May 13,1880 | 4.0
Wallace, Fort, Kans ..o ..o oL May 11, 1880 4.0
St. Meinrad's Abbey, Ind - ... . May 21, 1880 4.0
Columbus, Ga. ..o © May 22, 1850 i 9.9
Ellsworth, N. C. ..o .. P LY Us . : 5.5
Osage, TOWH - oo oo e e May 24, 1880 5.4
gort Bavrancas, Fla. ... ... e ... : May 26, 1880 4.2
oerne, Tex . i.. May 28,1830 6.5
%’t i\{-l(];im'ud’s Abbey, Ind ... ... ... May 249, 1880 4.5
icksburg, Miss ..o ... 1 May 30, 1880 4.3
Nashua, JOWa - oo oo e e I June 14, 1880 7.5
Galveston, TeX © oo e i June 24, 1880 5.3
Hulmeville, Pa ... ... . ... CJuly  6,1880 4.7
Clear Creek, Nebry oo oo o i July 7, 1880 4.5
Rugales, Ohio ... [ July 11, 1850 4.0
Plushing, N. Y o e, July 12,1880 4.2
Shreveport, La - o July 27,1880 5.0
1‘:01't- Buavrancas, Fla_ ... _._. i Aug. 3. 1880 4.1
1'4115\volx;t11,N. C”-""“"_-”""“""““““"““E“\”d() TR 88
0 . o e e e e s S Aug. 4, ISB .

Cedur Keys, Fla .. il... ! Aug. G, 1580 1.6
Brownsville, Tex - oo e ‘ Aug. 12, 1880 7.8
Camp Verde, Tex- ..o ] Aug. 13,1880 4.9
]Iiellefomume, OhI0 e I Aug. 20, 1880 5.3
atteras, N. O e Aug. 23, 1880 9.1
Rort Totten, N. Dal ... lllnTToT | Aug. 26, 1880 5.1
Merritts Island, Wl oo o oo oo F Aug. 30, 1880 4.7
((é‘edar Keys, Pla ... | Aug. 31, 1880 5.3
uitman, Ga .. .. e do ... 5.0
fekshurg, Miss_ ... I Sept. 1, 1880 5.2
Ellsworth, N. C . e Ao oo 5.0
Highlunds, N. Co oot e e . ESept. 3, 1880 n.6
Mount Washington, N. H. ..o oo ... Sept. 1. 1880 7.4
Pilot Point, TeX. . oo . §Sept. 20, 1880 5.3
Monticello, Towa - oo oo .. ! Sept. 25, 1880 5.0
Nashus, LOWE oo oo . St [ 8.2
Amana, Iowu--_--_-_-_--..--_-._-.---.,..-_.._._.___-: Sept. 26, 1880 | 4.5
Jacksboro, Tex ..o ool . Oct, 2,1880 4.1
Jacksonville, Pl ..o ... ___.__... e e “Oct. 8. 1RS0 4.4
Hatteras, N G i FOct, 9. 1880 4.4
Jacksonville, Fla ... oo aa e , Oct. 10, 1830 4.0
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Locality. Date. Amount.
> Inches.
St. Augustine, Pla.___..._.__...._________ et Oct. 10, 1880 10.3
Lexington. Mo_ ... . .. ... _._......_..0 Oct. 13,1880 4.3
Ellsworth, N. € .o oo .. | Qet. 29,1880 6.3
Point Pleasant, La . o .. . ... ... Oct. 30, 1880 8.0
Quitman, Ga ... i Nov. 6, 1880 6,7
Fayette, Miss_ o .. ... Nov. 28, 1880 5.6
Blsworth, N, ¢ ... LTI do ... ... {).0

0 [ Dec. 2, 1880 5.0
Mount St. Felena, Celoo oo o Lo ..., I Dee. 3, 1880 g. 6

DO . [ Dec. 20,1880 | ° 5.7
Mount St. Telena, Cal. ..o ... .. ... ! Dee. 24, 1880 0.0
San Franciseo, Cal. .o . ... e Jan. 29, 1881 4.7
Mohile. Ala ..o oL, i Feb. 6, 1881 1.0

DO el [ Mar. 11, 1881 4.1
Atlanta, Ga .o L. ! Mar. 17, 1881 4.6
Hatteras. N. Co. oo L ... Apr. 14, 1881 4.5
Mobile. Ala ..o o, | Apr. 24, 1881 5.3
Wellshoro, Pa ..o ... i JJune 7. 1881 4.0
Boston, Mass ... June 10, 1881 4.4
Bloek Tsland, 18 1. ..o oo .o ... ... U 6.0
Des Moines, 1owa ..o . e June 20, 188] 5.1
Wilmington, N. €. ..o L. ....... Pduly 101881 4.9
Nashua, Towa_ oo L. July 9, 1881 7-\:3
LI Paso, e oo e Y (S T, 6.9
Nashua,Jowa. oL ... July 10, 1881 5.2
Ames, TOWA o July 11, 1881 5.4
La Crosse, Wis ... .. .. . .......... July 20, 1881 4.0
Mobile, Al ..o oo, Aug. 2, 1881 6.
Pensacola, Vla. oo ... ... condo ool 4.3
Pensacola, Fla_ . o ... Aug. 31881 ¢.1
Charleston, Sy C oo oo Aug. 27,1881 4.7
Savannah, Ga ..o .. ... Aug. 28,1881 4.8
Swmithville,S. Dak .o ... Sept. 6, 1881 4.1
Shreveport, Lo ..o ... Sept. 14, 1881 4.1
Elsworth, N.C .o ... sSept. 14, 1881 6.0
Pensacola, Fla_ ... ... .. i Sept. 15,188] ')f"
Nashville, Tenn oo o ... oo Ll 4.2
Cedar Keys, Vla oo o ... i Sept. 16, 1881 4.8
Ellsworth, NoC .o .. Y VS l3-g
Povt Bads, Law ..o T [ Sept. 26, 188] 4.2
Dubuque, lowa .. oL [ Sept. 27,1881 4.4
Norva Springs, lowa. ... ___ . ... ___.. .. i Sept. 29, 188] 4.0
Howard, Nebr oo .. .. do .. ... 0.5
Omaha, Nebroo oo ... loo..do oooo. . b, °
Fort Scott, Kans_ oo ... | Sept. 30, 1881 6.2
Independence, Kans oo .. ... ____.._. l Sept. 30, 1881 4.0
Mavquette, Mich o o . oo o, 4.4
Deeatur, Tex . oo . looodo oo 4-4‘
Nelson, TeX -o oo . Loodo Lol 4.0
Brackettville, Tex. ..o o . Lo ... ... Oct. 2,188 1.1
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P&_y(,tto M - e e i Oct. 23,1881 6.2
feleshurgr, Miss oo oodo ool G, 6
I\ilnrmands N : (\10 30, : ;;} : 3
Mobile, Ala. oo Nov. 6, I D)
Poing Pleasant, 1. - oooomooeoooooo oo Nov. 1201881 6.0
Tort Barraneas. Pl oo e | Nov. 16,1881 6.1
Indldnapoll\ Ind .o e " Nov. 1X,I881 4.3
Port Bavancas, Fla. oo . ... . ... ..._...._...; Dee. 20,1881 5.3
Pensacola, 1" lu. ________________________________________ Dec. 21, 1881 4.2
Highlunds, NoC oo - Dec. 26,1881 5.3
St Lowis, MO - o e Feb., 20,1882 4.4
Tilmington, N, (L e Mar. 27,1882 5.3
MObiloy AL, - o o o oo Apr. 19, 1882 7.3
Little Rock, AvK oo e May 7,1882 4.2
Pike's Preak, Colo. L e May 8, 1882 4.3
Little TRock, AvK « oo e May 10,1882 6.3
Charleston, S, C . June 18,1882 4.1
Atlantic City, NoJ oo i Aug. l)(i. {:2.} ;1 8
D7 S Ang. 27,1882 5.2
Fort Stockton, X o oo Sept. 5, 1882 6.6
Indianola, Tex . . oo e Sept. 6,1882 4.0
San Antonio, 'l L U eedooooooL G.2
MALCH GHle e e cem e e e e e e e e e | Sept. 7,182 4.3
SM.vummh Cibe o e e e e e ST [ R 4.9
Troy, Al oo s Sept. 9, 1882 9.3
Fort Barraneas, Fla. .o oo e eaaaanee Sept. 9,1882 7.4
}‘Cnsucolu‘ Tl s oo ‘rl 2
ort Wads, T.a oLl R 1) S, 5. ¢
Cedar Keys, Fla oo oo il Sept. 10, 1882 1.1
Allapahin, G o e cea QO o 7.0
Athens, Gy o Sept. 10, 1882 4.4
Lastm.m G e e o i ceendo ool 4.0
Muacon, Ga ..o i o.do ool 6.5
Madison, G- oo odo oo 5.3
Smithville, Gao . oo coodo ool 8.0
Cape May, NoJJ Sept. 11, 1882 4.8
New TTaven. CON . oot e Sept. 12, 18382 4.3
A\\L‘\\ I,mulm) COML i o e | cedoLoiooals 4.4)
Ao, N o iiiiacaa do ... .. A
Bar megat ( v N el Voooado Lol 9.5
o e A U Sept. 12,1882 4.1
?dn(l\ ]]uuk N el {11 T 4.8
Ineland, NoJ o ..o il do ool 6.1
Mount W d\hmnlnn NoDb L Sept. 15, 1882 5.1
Sour Take, TOX o emmme i e N Sept. 16, 1382 6.1
Patterson. N J oo e Sopt.22-24.82 17.9
Sandy TTook, N. T oo oo oo ool Sept. 22,1882 4.4
Vest Point. N Y Lo b do oaeaoas 5.8
Philadelphis, P4 . oo i, |""lde o1l 4.6
Ordentown, Nud o oe oo i i icr e e cme s | Sept. 23,1882 1.4
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Freehold, No T oot e SeptL 23,1882 5.0
Moorestown, N. J_ . oo oo . 740
Readington, No . oo | Sopt.21-23,'82 | 9.0
Somerville, N. J ..o e | Sept. 23, 1832 il
South Orange, N. .J. i I sept. 23, 1882 .0

i
Albany, N. Y o | Sept. 23,1882 4.2
New York City, No Y e U (R 6.2
Fallsington, P . .. oo el Y [ R 4. 2
West Chestor. P, oo s lo...do ... 4.5
Pequannock, N..Jo ool I Sept. 24,1882 9.9
FLuShing. N. Y oo oo oo e D Sept. 24, 1882 5.3
NoOrfolK, VA _ oo oo e e | Sept. 26,1882 4.5
Wellington, Kans. .. ... oo | Oct.  7.1882 4-;
Wilmington, N. C ..o Oct. 10,1882 4.4
Live Ok, FI - oo e L Oct. 11,1882 4.8
Hatteras, N. Coo oo ieinmaannn e P Oct. 11,1882 4.7
Fort Macon, N. C oo i ccieana D Oct. 12,1882 5.3
Portsmouth, N. C. o iai i e Ao ... ':)-7
Southport, N. C [P ST ¢ [+ B ‘4
Charleston. S. C oo ol Oct. 12,1882 2.2
Somerset. MAss - oo oo oL COct. 14,1882 4.0
DANAS, TX oo o oo e Oct. 16,1882 4.0
Shreveport. L. ..ol i Oct. 17, 1882 4.1
Palestine, TON . oo L Oet, 18,1882 4.6
Fernandina. Fla .o oo [ Oet, 21,1882 13.1
ANRPEE, GA - oo [ Oet. 21,1882 5.0
St. Augustine, Pla. ..o ... i Qet. 23, 1882, 1.2
Mobile, Ala oo S Oet, 31, INS2 e
Nashua, TOWS. e oo e e | Nov. 11,1882 4.8
Traverse City, Mich oo .. PR s R 4.0
Portand, Oresron . oo e P Toe. 13,1882 72
Point Pleasant, La. .o e | Dee. 19, 1882 13. ;’
Portland, Oreeon oo oo i Jan G, 1883 6.9
Hatteras, N. C. oo | Jan. 10,1583 4.0
Little Roclk, AUK -0 oo oo | Apr. 6,135 1.0
Vieksburg, Miss oo oo e . PApr.  6,1883 4-2
New Orleans, Vot oo oo e I Apr. 81883 ”-_-7‘
Norfolk, Va .- ! Apr. 17,1883 5.5
Nasheille, TN - oo oo oo D Apr. 22, 1883 5.0
Charloston, S. C oo oo T o May 21883 6.4
Koy West, V& oo . | May 11, 1853 4.8
Mobile, Ala__ .. | May 20,1883 i
Wilinimrton, NoC oo e Cfune 21883 b=
Allendule, S.C ... June T 1883 4.0
Salisbury., N, C e June 10, 1883 ¢ 7.4
- 1 .
Jesup, Ga oo i June 13,1383 1.0
QUItMAN, G - o oo oo e | o Qo ... 4.1
Houston, TexX . . o oo .. do oo 4.0
Battle Creck, Mieh .0 1011 IT 1T June 25, 1883 ig

Fallston, Md_ ... . . ... .. .. e mmmmm e m o e

i June 27,1883
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ANeg, TOWR - o oo ommmm e mmceeommmee e emmmmmmeeans cJduly 41883 45
Wit I e ce oo mmem e mm e e e Jwiy 6, 1883 5.0
AN, TON « o et e July  7,1883 4.0
WL, TOTN - e e e e e e e e July 801883 8.1
TCPOSEO. TOWH - - o e oo mmmmm e e mmmmemm e mmee oo July 21, 1883 4.3
Whiter, DONN - e e e July 25,1883 5.1
Cleri, ANL - o o o e e e e e me e e Aug. 2,1883 4.9
Pallsinefon, I . oo ceewdo Lo 4.5
P2 T T PR S PP P Aug. 81883 10. 4
Savannall, G . - ceocoomomm e camemnaoeoas ceandO oot 4.0
Charleston. 8. C oo Aug. 8188